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Long-Range Research and 
Development Program for 

Individual Transportation Systems 
By' RICHARD C. HOPKINS, RICHARD M. MICHAELS, 

F. WILLIAM PETRING, CURTIS L. SHUFFLEBARGER, JR., 
Y THE OFFICE OF 

UREAU OF PUBLIC ROADS 

Introduction 

UR PRESENT highway transportation 

@) system is highly effective for individual 

‘transportation. It serves the needs and 

desires of individuals very well. But com- 

‘placency is dangerous in view of our rapidly 

changing technology and_ ever-increasing 

standard of living. The Interstate Highway 

System, when completed in 1972, is expected to 

alleviate congestion, to decrease travel time 

/ between origin and destination, and to con- 
tribute to an increase in safety, comfort, and 

convenience for travelers. But it is important 

tolook beyond the completion of the Interstate 

System. This Nation must keep ahead of the 
continually changing demands by improving 

its transportation systems to satisfy in- 

‘dividuals needs in the future. 
It should be remembered that the Inter- 

state System, as now being constructed, is the 

culmination of research and development that 
'was started more than a generation ago. 

To meet the needs of the future, it is necessary 

to intensify our research and development 

efforts by utilizing new technology in a 
coordinated and integrated fashion. Hence, 
the Bureau of Public Roads is proposing the 
long-range research and development program 

for individual transportation systems de- 

‘seribed in this article. 
A recent statement by Robert F. Baker, 

Director of the Office of Research and Devel- 

opment, Bureau of Public Roads, summarized 

this long-range program well: 
“The accelerating requirements of the 

_ Nation make clear that a systematic, energetic 

research and development program is essential 

if the optimum transportation system to 

meet these needs is to become a reality. This 

Program will define a range of alternative 
transportation system concepts that offer 

substantial improvements over present con- 
cepts. Initially, the program will consist of an 
intensive systems analysis to develop the 

basic criteria governing the performance of 
any system of individual transportation. The 

es 
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Public Roads officials believe that the Nation’s increasing standard of living 

and its rapidly changing technology require that a research program be under- 

taken to develop individual transportation systems to fulfill future requirements. 

To meet this need, Public Roads has proposed the long-range research and 

development program for individual transportation systems described in this 

article. The need for the program and its objectives are spelled out; and the 

three phases envisioned are outlined: Systems analysis, research and develop- 

ment, and prototype testing. 

The systems analysis phase will determine the basic criteria governing the 

performance of any system of individual transportation and will develop a general 

systems concept. Because the systems analysis phase will provide the frame- 

work for the other two phases of the program, a detailed discussion of this 

important first phase is presented. 

Ultimate objective for the total program is the determination of the most 

promising integrated systems concepts as a basis for completion of the research 

from which a prototype or prototypes of individual transportation systems can 

be developed for evaluation. 

The long-range research and development program for individual transpor- 

tation systems will not be accomplished in a short period of time or by any one 

agency. Public Roads has formulated the general plan and proposes to under- 

take the initial phases of the program. As the program develops, it is anticipated 

that there will be participation by the States, industry, and other interested 

groups. 
‘ 

ultimate objective of the program will be to 

determine the optimum integrated systems 

concepts and to perform the research needed 

to develop prototypes for field evaluation.” 

To initiate the first phase of the program, 

the systems analysis, a set of specifications 

has been prepared by the Bureau of Public 

Roads after consideration of the many 

alternatives suggested by industry, university, 

and other transportation specialists. The 

long-range research and development program 

for individual transportation systems will 

not be accomplished in a short period of time 

or by any one agency. Public Roads has 

formulated the general plan and proposes to 

undertake the initial phases of the program. 

As the program develops, it will broaden to 

include participation by the States, industry, 

and other interested groups. 

Need for the Program 

The program described in this discussion has 

been evolved from an examination of individ- 

ual transportation; that is, systems designed 

for individuals to move themselves or their 

possessions under their own control. This 

examination was especially related to the ways 

in which individual transportation may signifi- 

cantly change to meet the needs and require- 

ments of a society that is itself undergoing 

rapid change. The program was developed 

because of the recognition that no transporta- 

tion system can be permitted to drift, with the 

hope that it will be adequate indefinitely. No 

society so dependent on personal mobility as 

ours can afford such luxury. Hence, this pro- 

gram is concerned with the long-range future 

of individual transportation. 

It is obvious from any examination of the 

highway transportation system that the pur- 

poses for which it exists do not depend upon 

the peculiar physical characteristics of that 

system. Highway transportation arose out of 

random invention and has developed as a 

system in large measure by trial and error. 

The ultimate reason for the dominance of the 

highway transportation system over other 

transportation systems lies in the fact that it 

better meets the needs of people for movement 

today. As shown in figure 1, highway trans- 

portation offers the individual the freedom to: 
(1) adapt his travel to a set of time criteria de- 

termined by himself, (2) expand the area that 
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OBJECTIVE OF INDIVIDUAL TRANSPORTATION 

|T0 MAXIMIZE FREEDOM OF MOVEMENT OF 

le THE INDIVIDUAL 

‘EXPANDED AREA | SELF-DETERMINED SELF -DETERMINED| 
OF TRAVEL || TRAVEL PLANS TIME CRITERIA | | 

Figure 1.—Objective of individual trans- 
portation. 

he can use to satisfy his particular needs, and 

(3) schedule travel according to his own plan 

and order of priority. Therefore, regardless of 

the mechanical methods employed, the ob- 

jective of any system of individual transporta- 

tion is to provide maximum freedom of move- 

ment so that the greatest possible number of 

people may satisfy their independent and 

individual needs for travel and for movement 

of goods. 

Highway Transportation Only 

One Concept 

It should be recognized that highway trans- 

portation is only one possible system concept 

of a tremendous variety of possible concepts 

that can be employed for individual trans- 

portation. Figure 2 shows it to be only one 

system of a surface-space transportation con- 

cept. An air-space concept, of which the 

ground-effects systems are an example, also 

can be conceived. Also possible is a time- 

space concept, of which closed-circuit televi- 

sion is an example. In addition, there may 

be other concepts that have not been con- 

sidered, as well as systems formed of combi- 

nations ofall. Consideration of these concepts 

poses questions as to whether (1) systems 

embodying them are technologically possible; 

(2) how the alternatives are to be defined; 

and (3) how determinations can be made as 

to the feasibility of these concepts, and whether 

the resultant transportation systems would 

offer measurable improvement over the high- 

way transportation system now available. 

Many answers to these questions have been 

and are being suggested. Most, although 

not all, suggest modifications of the present 

highway transportation system. Some of the 

other answers include suggestions for pallet 

systems or ground-effect systems. 

Highway transportation, which may be 

considered as a system because it operates as 

the result of the interaction of the three ele- 

ments of driver, vehicle, and highway, has 

stimulated suggestions interesting because 

of their emphasis on one aspect. Almost all 

suggested modifications have pertained to the 

driver or, stated more generally, the control 

mechanism. Suggestions have ranged from 

driverless automobile systems to complex 

communication systems. 

Although improvement of the existing 

system by use of sophisticated electronics or 

mechanical means in the control subsystem is 

necessary, it is frankly not known whether 

simply superimposing various devices on 

highway transportation can ever meet the 

long-term needs for individual movement. 
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For example, is the control of the vehicle 

now so poor that new control systems must 

be added? If so, what kinds of systems? 

Shall there be a large central computer, which 

controls groups of vehicles by telemetry, or a 

small one located in the vehicle? Technolog- 

ically, use of any of these techniques is pos- 

sible, but which is the most efficient technique 

and how can efficiency be defined? Which 

technique is most reliable and how is its 

reliability to be measured? Which technique 

is the safest and how ean its safety be proved? 

Further, can an optimum solution to the 

problem be obtained without consideration of 

the design of other aspects of the highway 

transport system? What of the vehicle? 

Can the existing vehicle be modified or can a 

novel one be substituted that could be con- 

trolled more easily or more economically? 

Can the highway be designed to eliminate 

control problems? Each of these separate 

questions may be answered in one way or 

another. However, it is becoming increas- 

ingly obvious that over the long run, a signifi- 

cantly improved system cannot be obtained 

by treating its parts separately. To achieve 

a radically improved system of individual 

transportation, a complete and integrated 

system must be conceived, designed, and 

developed. This cannot be done by arbi- 

trarily pursuing any one particular electronic 

or mechanical technique. Although this 

approach has been the historical precedent, 

such a procedure precludes valid comparisons 

and objective choices among the many possible 

alternatives. 

Limitations of Arbitrary Approach 

The limitations of pursuing one electronic 

or mechanicai technique become very evident 

from a brief analysis of some proposed solu- 

tions to the control problem. For example, 

as indicated in figure 3, induction radio has 

been developed and is being suggested as a 

means for transmitting control information to 

the driver or his equivalent. Another sug- 

gested solution involves a system of detector 

units placed in the roadway that would form 

electronic blocks for the location of vehicles. 

However, it should be obvious that to use 

either of these devices in this manner would 

imply that a whole set of decisions had been 

made about the nature of the control problem 

and its solution. Thus, the use of induction 

radio techniques would imply a decision to 

use a system of radio frequency for in- 

formation transmission rather than some 

kind of pavement-coding system. It would 

also imply that a decision has been made 

about telemetry and radar. In addition, a 

decision to use induction radio rather than a 

specialized central computer system would 

indicate a conclusion that in-auto computers 

are the way to solve the control problem. 

Finally, all of these decisions clearly would 

assume that electronic methods should be 

used to resolve the control problem. 

However, within current limits of under- 

standing of the true nature of the control 

problem, can mechanical methods of solution 

ss. oe AN 
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INDIVIDUAL TRANSPORTATION SYSTEMS 

s - SPACE HIGHWAY SYSTEM| |SYSTEM' 

hie 
r----— , 

| PI 

wills 
DRIVERLESS| |COMMUNICATIONS 

CAR SYSTEM 

Figure 2.—Highway transportation =e 
system for individual transportation. i 

be ruled out? Further, can the current solu- 

tion to system control—the human—be ruled 

out? After all, the human has capabilities 
that are iments to rival mechanically. Fo 

example, the human can _ detect angulael 

velocities as low as 5X10-> radians/sec.;/ 
he can discriminate differences in fre- 

quency to an accuracy of 0.2 percent; he! 

can estimate position relative to himself with 

an accuracy of 1 percent. These capabilities 

not only are unusually good but cost nothigg 

to produce. 

This discussion of just one. aspect of the 

highway transportation system shows the 

tremendous complexity of the problem and the, 

dangers that may arise from the arbitrary 

choice of one type of solution. This danger 

obviously applies to all the other aspects of 

the system. To operate in this arbitrary. 

fashion would minimize the chances of ever 

knowing whether an efficient system had been | 
= 

selected. eS 

The problem of individual transportatio. 

can be resolved only through a systemati 

analysis that starts from the essential require: 

ments that any system must have to meet the 
objectives of individual transportation. Only 

from such an objective analysis can measure’ 

be developed to rationally evaluate alterna 

tive physical means so that the most a 

systems may be selected. To achieve t 

selection a comprehensive and integrate: 

program of research and development i 

required. Such an approach, which is th 

modern systems engineering approach, is th 

one that the Bureau of Public Roads propose 

to use in the solution of the long-rang  * 

problems in individual transportation, at 

i 
| 
| 

The Program 

The proposed program consists of thre 

phases as shown in figure 4. The first phas) 

is & SYSTEMS ANALyYsts, which will provide 

framework for the next phase—an intensiv 

RESEARCH and DEVELOPMENT effort—aimed & 

producing in the third phase one or moj 

proToryPeEs for testing. The initial phase ¢ 

the program, the systems analysis, is a pel 

cedure for defining a complex problem | 

operational terms. In this way, the proble} 

may be stated in analytical terms, there) 

permitting the precise definition of alternati 
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MECHANICAL 

| CONTROL 
PROBLEMS PAVEMENT 

Figure 3.—Possible solutions to control 
problems. 

jsystems, which can be designed and evaluated. 

‘Thus, the systems analysis will form the 
/ framework for the research and development 
‘phase. 

| The research and development phase of the 

‘program will encompass investigations of the 

yarious components of each of the alternative 

(systems, particularly their interaction. A 

continuing process of evaluation will be used 
to determine whether the alternative systems 

‘selected meet the required performance cri- 

teria. Among other matters, economic con- 

{siderations and questions of reliability and 

jpublic acceptability of the systems will be 

‘investigated. After evaluation and research 
have been done, an intensive development 

‘effort is expected to make it possible to pro- 

Research, development, and evaluation 

will be a continuous and simultaneous process 
‘and considerable interaction is expected among 

‘these activities. From these feedback proc- 
esses, it becomes apparent that the research 

‘systems analysis proceeds. Likewise, the 

systems analysis will provide a general but 

flexible framework for the research and de- 

| velopment phase. 

| The third phase of the overall program will 

consist of testing one or more prototypes that 

have been produced during the research and 

_ development phase. This testing will be 
“undertaken on a proving ground before the 

_ prototype is subjected to field tests. Again, 
__ there will be feedback between proving ground 

| Similarly, the three phases of the overall 
‘program are interdependent; and, as men- 

tioned earlier, the research and development 

phase will undoubtedly be modified from that 

/ Which is initially selected. Thus, the systems 
analysis will, in effect, be modified as research 

_ and development proceeds. Similarly, modi- 

fication also will occur from research and 
development to prototype testing. It is, 
therefore, conceivable that feedback from 
prototype testing to the systems analysis could 

revise the initial systems concept. 

THE SYSTEMS ANALYSIS 
_ The first phase in fulfilling the objective 
of this long-range program is to conduct an 

nsive systems analysis Because the 

ems analysis is so important in providing 
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direction for the overall program, the re- 

mainder of this article will be devoted to it. 

Systems analysis is described as the 

definition of a problem in operational terms, 

which then permits formulation of a systems 

concept. The problem is individual trans- 

portation, and the goal is to define this trans- 

portation system, formulate requirements for 

it, evaluate and select the most promising 

systems concepts, and plan for the subsequent 

phases. 

This systems analysis will be essentially a 

theoretical, analytical effort by a team of 

engineers and systems analysts. It will not 

involve physical hardware or its application. 

It will involve the general or abstract prin- 

ciples of individual transportation. It will 

formulate mathematical models that present 

a clear, systematic picture of individual 
transportation. 

This will be the first time that such a com- 

prehensive systems analysis of a transporta- 

tion system has been undertaken. Its 

output will provide a better understanding 

of the overall problem, a logical grasp of 

the most promising concepts, and _ identifi- 

cation of critical areas of needed research. 

Figure 5 shows that the analysis will con- 

sist of three parts—a definition of performance 

requirements that the system must meet, the 

formulation of a generalized system concept, 

and a description of the alternative systems 

that may be derived from the generalized 

concept. The first two steps will constitute 

a purely theoretical study. The general 

model or concept of individual transporta- 

tion to be formulated will be the most impor- 

tant, single product of this effort. The 

alternative systems shown at the bottom of 

figure 5 will then follow. 

At this point it should be added that the 

relevant user categories that one thinks of today 

will be considered in the systems analysis. 

These categories are the transportation of 

individuals; the mass transportation of people, 

covering also the movement from origin to 

the mass transport vehicle and from such a 

vehicle to a destination; and the transporta- 

tion of freight together with the special char- 

acteristics that such transportation requires. 

Performance Requirements 

As the first step—definition of perform- 

ance requirements—a preliminary set of 

system requirements must be drafted in the 

early stages of this analysis. Such require- 

ments will be the “guide posts’ for the basic 

evaluation of proposed systems. It should 

be understood that they are preliminary, 

however, for they will be continually modi- 

fied as the program progresses. Experience 

has shown that formulation of these require- 

ments is a process of achieving a harmonious 

balance between practical means and ideal 

goals. A sound requirements statement is 

therefore an end product of the systems 

analysis even though in preliminary form it 

is used for guidance of the study itself. 

The statement of performance require- 

ments will define performance criteria that are 

the measures by which individual transporta- 

SYSTEMS 

ANALYSIS 
(SEE FIG. 5 ) 

BECEARES PROTOTYPE AND 
DEVELOPMENT TESTING 

Figure 4.—The three interrelated phases in 
the long-range research and development 
program for individual transportation 
systems. 

tion can be judged. It will also define the 

variables or quantities of such a system and 

their range of values. Some examples of 

criteria might be the probability of collision, 

the predictability of position, or the travel 

time between origin and destination. There 

may be many others similar to these. There 

may be other ways of specifying them. How- 

ever, the criteria must define the system on a 

complete and rational basis. The variables, 

and their operating ranges may include such 

items as speed, flow rate, and size of vehicle. 

Again these are only examples of the quali- 

ties that describe the operation of a gen- 

eralized concept. 

Looking to the formulation of the general- 

ized system concept, it should be noted that 

this concept is still completely theoretical and 

will be based on the performance require- 

ments to be developed. 

First, an examination will be made of the 

essential elements or components of any 

transportation system. These components 

include the vehicle, an operating medium, the 

control logic, and the human. The human, 

of course, must be considered both as a part 

of the control logic and as a system user. 

In each, there are various alternatives that 

might be listed in the light of present and 

future technology. ‘The interaction of these 

four elements is highly critical. 

Then operating rules will be generated. 

These are to be the bases by which may be 

specified the characteristics of individual 

transportation in terms of the performance 

criteria and system variables. These are the 

theoretical expressions of a generalized sys- 

tems concept. The operating rules may be 

expressed as a set of equations and the vari- 

ables could then be related in such a way as 

to meet the defined performance criteria. 

Thus, it could be that a description of indi- 

vidual transportation would be stated as a 

set of mathematical functions. 

Once this generalized framework for indi- 

vidual transportation has been developed, 

any combination of vehicle, operating medium, 

and control logic can be tested. Ultimately, 

one or several of the possible combinations 

that best satisfy these equations will be chosen 

for more intensive analysis. This is not a 

simple straightforward procedure; there must 

be feedback and interaction among the various 

steps. The generated operating rules and the 

several alternative solutions will point to the 

competence of the original performance re- 

quirements. Conversely, the continuous re- 

finement of this performance statement must 

be accurately reflected in the operating rules. 
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SYSTEMS ANALYSIS 

DEFINE PERFORMANCE 

REQUIREMENTS 

PERFORMANCE E SYSTEM 

CRITERIA VARIABLES 

SYSTEM SYSTEM 

A B 

DESCRIBE ALTERNATIVE 

SYSTEMS 

(SEE FIG. 76)) 

FORMULATE GENERALIZED 

SYSTEM CONCEPT 

EXAMINE 

SYSTEM 

ELEMENTS 

GENERATE 

OPERATING 

RULES 

SYSTEM SYSTEM 

C N 

Figure 5.—Outline of the systems analysis for individual transportation. 

Because this feedback process is of such 

vital importance to a systems analysis, the 

analysis can become extremely complex, par- 

ticularly when dealing with a system so en- 

compassing as individual transportation. 

Moreover, the systems analysis will form the 

basis for the entire long-range research and 

development program. Hence, it is evident 

that the systems analysis should be done as a 

single operation in order to provide a solid 

framework around which all succeeding steps 

can be taken. 

Precaution must be taken to avoid initial 

error, because any concept adopted and im- 

plemented would undoubtedly involve a sig- 

nificant portion of our national effort. To 

prevent hasty judgment and preselection of 

the most obvious (or any other) form of indi- 

vidual transportation as the “only” solution, 

it is desirable to explore all alternative con- 

cepts that could possibly meet the same ob- 

jectives. Therefore, the systems analysis 

must investigate feasibility from broad view- 

points and determine the detailed technical 

concepts worthy of further research, develop- 

ment, and evaluation. It will define various 

alternative system concepts, bring them into a 

common analytical frame of reference, and 

compare their relative effectiveness. 

One result of the systems analysis, inci- 

dentally, might be to indicate that modifica- 

tion of the existing system is the optimum way 

to proceed in the research and development 

phase. But, if this is the case, it will be 

clearly established that other alternatives 

have been investigated and rejected, and the 

reasons for such rejection will be detailed. 

Thus, it has been shown that by a systems 

analysis of the criteria, the variables, and the 

components, one arrives at a_ theoretical 

expression of individual transportation. For 

the first time there will be a comprehensive 

model of a major transportation medium from 

156 

which to select optimum solutions. This 

generalized concept will permit the prelimi- 

nary testing of many individual system 

combinations and the selection of those that 

best satisfy the general expressions. 

The Alternative Systems 

It has been shown that the three interde- 

pendent operations illustrated in figure 5 com- 

prise a theoretical systems analysis. A gen- 

eral procedure was outlined for defining the 

performance requirements and formulating a 

generalized system. Now the third operation, 

the description of alternative systems will be 

discussed. However, these three operations 

are interdependent and must therefore be 

undertaken as a carefully coordinated effort. 

By way of definition, an alternative system 

is the combination of operating components 

that will accomplish a given objective in an 

acceptable manner. In this case, describing 

an alternative system means proposing a com- 

plete solution to the problem of improving 

individual transportation. By this process, 

several alternative systems, not just one, may 

evolve. But, a properly conducted systems 

analysis will produce the minimum number 

of maximum efficiency systems. Each system 

will be complete, and each system can be 

accurately described. 

These alternative systems, as shown in fig- 

ure 6, obviously cannot be named at this time. 

However, they might include such systems as 

the oft referred to but so far vaguely described 

“automated highway.” One system might be 

a conveyor belt highway and another might 

be some form of pneumatic tube transport. 

Or, with visions on the horizon of the possi- 

bilities of the future, one system may utilize 

airborne vehicles guided by laser beams and 

propelled by the energy received from the 

a ; oe F Fo wy oe 
he 

lasers. Other systems concepts will complete 
some m number of alternatives. 5 

As shown in figure 6, there will be a descrip-| 

tion of the operating characteristics of each 
alternative system, which will describe how 

the components within that system interact. 
The subsystems of which any system must be |), 

comprised will be described from all aspects. |) 

In this description, consideration of the envi-| 

ronment will include analyzing the features’ 

of the areas through which the system itself. 
will operate, such as the land areas of the busi- | 

ness district, the city, the suburbs, and the |; 

rural areas. It will also include solutions for’ |, 
those problems of entrance, exit, and storage) |, 

of vehicles within the system. And, of course, 

it will describe the effects of environmental | ; 
problems such as weather. 

The subsystems will be described from the| f 

viewpoints of the various user groups. Of | 

these, the largest group will consist of those!” 

who are desirous of improved personal trans- 

portation. But full consideration will also be. f 
given to that group of individuals who wish | 

to join with others to share improved mass_ 7 
transportation; and to a third group, which 4. 

will include those individuals who desire to | 
improve the movement of freight. There will ©. 
also be a description of the probability of ae- | 
ceptance of each given alternative system. 

This may well be based on a description of 

its comparability with the present highway 

system or it may use some other datum for 

evaluation. It will, of course, include a com- ©. 

plete description of the readjustment neces-—, 
sary in our economy to accept the new and. 3 

proposed systems. i. 
Figure 6 also shows the four categories of. 

basic components in any transportation 

ea 

system: the vehicle, the operating medium, 

the control logic, and the human. Close 

interconnection must exist among all four ol 
these component categories. It is not feasible 

to develop one of the components without ful 
consideration of the others. a 

The vehicle will be considered as a container, 
for that which is to be transported. In cae a 
alternative system the vehicle will be comprised |. 

of some combination of power sources and 8 

propulsion techniques, as shown in figure 7. 

This 2 X 2 matrix shows some existing anc. 

familiar vehicles. But many other vehielee % 
could be placed in the matrix. The self 
powered, externally propelled vehicle doe: 

not exist at present. However, a system: 7 

analysis would generically describe new an¢ ) 
unique vehicles that in concept may maki 

use of such techniques, and it is entirel 

possible that such a vehicle could be de 
veloped. The systems analysis will describ: 

the useful characteristics of the propose 

vehicles and contrast them with undesirabl 
characteristics such as air pollution. Fron 

such descriptive comparisons of vehicles, th 

usefulness of each as a system componen 

will become evident. These will be generalize¢ 

rather than detailed, technical descriptions. 

The operating medium of any alternativ 

system in this systems analysis will b 
described by its features as a “highway. 

The term highway is used in the sense of th 

AASHO definition, ‘‘A general term denotin 
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k 
t public way for purposes of vehicular travel, 

neluding the entire area within the right-of- 
yay.’ As has been mentioned, the operating 
nedium of an alternative system may well 
ye the conventional highway, with or without 

ome modification. However, unconventional 

nedia such as the ground pathway, various 

0 be considered and compared for the 

lescription of alternative systems. Different 

tubsystems possibly will require different 

nedia to promote the most efficient movement 

f traffic in each particular area. The de- 
Vicription of the operating medium will also 

) ndicate what provision must be made for such 

) oreign objects as pedestrians, animals, and 
lebris. 

The control logic of a system is that com- 

ination of techniques and devices employed 

o regulate the operation of that system and 

3 outlined by the closed loop diagram shown 

n figure 8. For each system, the analysis 

vill show what information needs to be ac- 
juired and how it will be obtained. The 

onception and design of the processing and 

malyzing equipment that will be necessary to 

onvert these data into operational decisions 

fan then be described. The best means of 

iommunicating these decisions to the mechan- 

eal equipment or the human, which will 

ranslate them into the necessary action, can 

ye specified. The control logic loop is closed 

vy including the reaction, or feedback, which 

will detect and correct the performance errors. 

[he description of the control logic will also 
nelude such things as the handling of non- 
tonforming vehicles, failures in the logic itself 

w in other parts of the system, and the ac- 

sommodation of personal emergencies. 

It is also evident that as each alternative 

tystem is described, the role of the human 

nust be considered both as an active system 

‘lement and as a rider. No analysis need 
issume the preconceived notion of complete 

utomation. The amazing ability of the 

tuman to accomplish perceptive and control 

asks has been previously pointed out. The 

apabilities and limitations of the human will 

ve studied and the results of these studies 

vill determine the areas where he may be 

itilized in guidance and control. The human 

aay well be the monitor of an automated 

ystem; or the alternative system may be 

lesigned for human control that is to be 

utomatically monitored. The factors of fa- 

igue and vigilance also will be completely 
‘tudied and described in each alternative 

iystem. 

| The human as a rider in the system will 
ave great bearing on the acceptability of the 

ystem. Studies of the tolerance of the human 

® motion and to changes in motion in all 

lirections will, of course, need to be made. 

\lso, it will be necessary to specify the train- 
ag that will be required to fit the human to 

‘ach new system. These and other human 

vharacteristics will bear equally with the other 

‘omponents on the utility and acceptability 

#f any system to the potential user. 
- Finally, a benefit-cost analysis will complete 

ach alternative system description. It is 
'vident that in all areas it will not be possible 
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ypes of structures, air, and many others need :3 
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Figure 6.—Description of alternative systems including research and development needed. 
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Figure 7.—Various combinations of vehicle 
power and propulsion. 

to indicate these items in terms of dollars. 

However, where it is not possible to estimate an 

exact cost in one alternative, the same base 

of comparison will be extended to the other 

alternatives. Of principal importance, how- 

ever, is that the comparative cost between 

alternative systems be properly made. These 

costs, of course, can be categorized as initial, 

operating, and maintenance, and the benefits 

can be identifiable in each system. Those 

benefits which cannot be expressed in dollars 

and cents will be expressed in such terms as 

comfort and convenience to the potential user. 

Thus out of the systems analysis will come 

a description of alternative types of systems 

that meet the requirements for individual 

transportation. In addition, the systems 

analysis will define the research and develop- 

CONTROL LOGIC 

DATA 
PROCESSING 

INFORMATION 
ACQUISITION 

CLOSED 

FEEDBACK DECISIONS 

TRANSLATION COMMUNICATIONS 

Figure 8.—Control logic considered as a 
closed loop process. 

ment needed to produce a prototype, as 

shown in figure 6. Included will be a com- 

plete description of the research and develop- 

ment program needed to determine the 

feasibility of and the design requirements for 

a prototype system. In addition, the cost of 

the research will be included and the proba- 

bility of success in producing a prototype for 

testing will be estimated. It is recognized 

that some aspects of such a program will be 

only broadly identified in the systems analysis 

phase but will be detailed as research and 

development proceeds. 

From this discussion, it can be seen that 

the systems analysis is a logical approach to 

the challenge of today—namely, to lay the 

foundations for the rational evolution of in- 

dividual transportation systems of the future. 
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Comparisons of Empty and 
(rross Weights of Commercial Vehicles 
BY THE BUREAU OF PUBLIC ROADS 

Introduction 

NEE SA Sacele portion of highway 

research is dependent on the basic data 

that can be obtained on the numbers and types 

of motor vehicles that are, or are likely to be, 

in use. It is somewhat of an oddity that in 

this Nation of highly developed motor-vehicle 

mobility, one of the greatest single problems 

of highway research is the understanding, 

description, and cataloging of the numbers 

and kinds of vehicles in use for which highways 

must be provided. 

There are nearly 80 million vehicles in the 

United States, and highways are now being 

planned and built for the more than 100 

million expected 10 years from now. “Yet, 

although each motor vehicle is required to be 

registered each year with a State motor 

vehicle department, it is possible to describe 

these 80 million vehicles in only the most 

general terms from the basic annual records. 

Although considerably more uniform informa- 

tion would be desirable on passenger vehicles 

the primary concern is the lack of uniform 

data on the types and weights of the truck 

fleet that at present is comprised of more than 

12 million The problems encoun- 

tered are (1) the amount and quality of the 

data required and recorded on the annual 

registration application and on the registration 

certificate, and (2) the different weight bases 

used by the States for tax purposes. It often 

is not possible to combine, or to compare, the 

information on trucks registered in two neigh- 

vehicles. 

boring States because the weight classification 

for tax purposes is entirely different. One 

State may register vehicles on the basis of the 

empty weight of the power unit, and 

another State may register its vehicles on 

the basis of the owner’s declared maximum 

gross weight of vehicle and load. Data 

gathering is further complicated because the 

State using empty weight has no means for 

gross weight identification, and the State using 

gross weight frequently does not require the 

empty weight of the power unit for its records. 

Any significant comparison of the effect of the 
bases used for truck registration should include 

the numbers of vehicles registered by each 

method. The application of the three main 

1 Presented at the 42d annual meeting of the Highway 
Research Board, Washington, D.C., January 1963. 

158 

Reported! by LAURENCE L. LISTON, Transportation Economist 

and STANLEY F. BIELAK, Transportation Economist 

The need for a uniform weight classification base for commercial vehicles and 

the possibility of determining such a base from available information are de- 

Because more adequate descriptions of commercial 

vehicles would permit better research and planning for the highways now being 

planned and built for the more than 100 million vehicles expected by 1972, 

an analysis has been made of available information. 

Comparisons were made of data samples on commercial vehicles taken from 

the 1957 and 1961 loadometer studies and from special California vehicle records. 

Each sample group of data was satisfactorily representative of the total available 

information and correlations from selected groups of data were made by empty 

weights and by registered gross weights of vehicles. 

The tabulations and the accompanying graphic materials are expected to be 

useful as guides in the solution of many vehicle classification problems. 

analysis revealed that it would be very difficult, if not impossible, to develop 

a usable set of weight relationships from present registration data. 

the data considered in this study tend to give each other mutual support and the 

scribed in this article. 

results of the 1957 loadometer study remain generally applicable. 

weight classifications employed in State regis- 

tration systems to the truck fleets in 1931, 

1951, and 1961 is shown in figure 1. During 

the period from 1931 to 1961 truck registra- 

tions increased nearly fourfold, from 3.6 

million to 12.3 million.? 

Disparity in the methods of registration 

required has also been disappearing since 1931 

when 26 States registered about 945,000 trucks 

on the basis of the manufacturers’ rated 

capacities; 13 States registered approximately 

1.6 million trucks on the basis of empty weight, 

and the remaining 10 States registered 1.1 

million trucks on the basis of declared gross 

vehicle weight. By 1961 only Alabama re- 

tained the requirement for registration on the 

basis of manufacturers’ rated capacity— 

239,000 trucks were registered. The rest of 

the States required trucks to be registered 

either by empty weight or by some form of 

declared gross weight. <A total of 3.3 million 

trucks was registered in 14 States by empty 

weight, and 8.8 million trucks were registered 

in 36 States by declared gross weight. Except 

for the small 2-axle truck, commonly appearing 

as a pick up or panel vehicle and having charac- 

teristics similar to a passenger car, the many 

different types and sizes of trucks and combi- 

nations that compound the problems of classi- 

fication and taxation are shown in silhouette 

in figure 2. 

2 Data for the 1931 and 1951 comparisons were collected 

from 48 States and the District of Columbia. Information 

from Alaska and Hawaii have been included in 1961 figures. 

i 

Office of Research and Development 

Office of Highway Plannin; 

This 

However, 

In this article several samples of data tha 

relate vehicle empty weights and registere 

gross weights have been compared in orde 

to establish a set of usable weight correlation, 

by visual vehicle classes. The resultant weigh 

comparisons are given in tabular form ani 

both the vehicle distributions and their per 

centage counterparts shown. These compari 

sons (tables 11-17) provide an additions 

classification tool for research and plannin, 

activities. 
The research covered by this report wil 

have many uses, important to the Federal ani 

the State governments. The data presente 

can be used as an aid in the analysis of th 

application and equitability of road-user taxes 

and they are expected to enhance the effective 

ness of administration of motor-vehicle ta 

laws. They will be useful in determining th 

probable effects of legislation proposed, an¢ 

they also will be of value to those concerne¢ 

with highway planning, and to industry i 

materials, product, and market research. 

i 

| 

Vehicle Classification Studies 

One of the early efforts to count and classify 

commercial motor vehicles was a comprehen 

sive study of registrations and fees reported i 

The Taxation of Motor Vehicles in 1932, by 

G. P. St. Clair, Pustic Roaps, vol. 15, No. 8 

Oct. 1934, pp. 185-214. Information for thi 
study was compiled by the Bureau of Publi 

Roads from State and local motor-vehiel 

records and from questionnaires that request 

data on vehicles and taxes in considerabl 

2 

April 1963 e PUBLIC ROA 



8 EMPTY WEIGHT 

NUMBER OF TRUCKS (MILLIONS) 

b a 

in the empty weight bar. 

detail. Another study, known as the Nation- 

wide Truck and Bus Inventory, was begun in 

| 1940 by the Bureau of Publié Roads in co- 
| Operation with the States. Although the 
“work was eventually completed, it was expen- 

‘sive, and it used manufacturers’ rated capac- 

ities as a uniform measure of truck weight. 
Since the use of that classification was rapidly 

Waning, the study had limited value for 

| comparing current vehicle classification data, 

and the results of the study have not been 

| published. 

The next major vehicle classification study 
Was made by the Bureau of Public Roads, in 

| Cooperation with the States, to provide basic 
information for the highway cost allocation 

| Study that was required by Section 210 of 

the Highway Revenue Act of 1956. The 
findings of this classification study were 

included in the comprehensive series of high- 

| Way cost allocation study reports made to 

| the Congress, and also were published in 1960 
by the Bureau of Public Roads as the Classifi- 

| tation of Motor Vehicles, 1956-57. This study 

/ is the most recent inventory of highway 

rolling stock, and it will be referred to in this 

report as the classification study. 

} When the classification study was under- 

; taken, an effort was made by Public Roads 

and State authorities to obtain the needed 
' data in each of the States. Intensive reviews 

| 

| 

VA 
a 

Y 

and 1961, segregated by registration base. 
comparable but 1961 data include registrations in Alaska and Hawaii 

REGISTRATION BASES 
, MANUFACTURER'S RATED CAPACITY 

MMMM DECLARED GROSS VEHICLE WEIGHT 

ER 
1951 1961 

YEAR 

Figure 1.—Number of trucks and combinations registered in 1931, 1951, 
Data for 1931 and 1951 are 

were made of the existing registration records, 

special questions were added to some motor- 

vehicle registration application forms for the 

following year, and special questionnaires were 

mailed to vehicle owners by many States in an 

effort to obtain information to supplement the 

data in the registration files. A valuable 

lesson was learned during this study. The 

motor-vehicle data needed for highway 

research were unavailable from any public 

source in a usable form. Even if it had been 

possible to obtain a complete summary and 

analysis of the vehicle records of each State, 

the data obtained would have been so lacking 

in uniformity that it would have been im- 

possible, with the knowledge then available, 

to combine them into a workable, usable body 

of data for use in research. One result of 

these findings is the cooperative effort of the 

States and Public Roads to develop standard 

vehicle descriptions and information that will 

be useful to both government and industry. 

As a result of this effort, substantial progress 

is being made under the auspices of the 

American Association of Motor Vehicle 

Administrators. 
Many differences existed in the registration 

requirements and records of the States but the 

one that posed the greatest problem was the 

requirement of several States for registration 

of vehicles on the basis of empty weight or on 

variations of gross and empty weights. Most 

States registered and recorded vehicles on the 

basis of the owners’ declared gross weight 

(the weight of the vehicle, fully equipped and 

ready for service, plus the maximum load 

to be carried). 

When it is necessary, in studies of motor 

vehicles or motor-vehicle revenues, to bring 

the basic motor-vehicle data of all States into 

uniformity, a relationship must be estab- 

lished between the bases and all of the 

data must be converted to a uniform structure 

for analysis. 

To properly analyze the composition of the 

vehicle fleet, an understanding of the factors 

affecting the selection of the vehicles in use is 

necessary. Tax structures, terrain, kind of 

goods transported, and literally dozens of 

factors affect owners’ vehicle selections. Some 

carriers may elect to buy lightweight power 

equipment to perform the same job that is 

done by another carrier with heavier and 

costlier power units. The lighter power units 

would depreciate more rapidly but, because 

of other factors, they might provide lower 

overall operation cost. The subject of vehicle 

ownership and operating costs is discussed 

in considerable detail in the report Line-Haul 

Trucking Costs in Relation to Vehicle Gross 

Weights, by Hoy Stevens, Highway Research 

Board Bulletin 301, 1961. 

Sources of Data for Weight 

Comparisons 

1957 traffic and loadometer data 

During the course of the extensive 1957 

motor-vehicle traffic counting, classification, 

and loadometer operations, approximately 

600,000 vehicles were weighed, and data con- 

cerning empty weight, registered weight, 

make, body, axle arrangement, and other 

items on vehicle classification and operation 

were obtained. More than 150,000 commer- 

cial vehicles, for which weight data were com- 

plete, were selected from the group of 600,000 

for special study to relate empty and regis- 

tered gross vehicle weights. Gross vehicle 

weight was available from the registration 

certificates for only vehicles registered on that 

basis, but it is believed that a good representa- 

tive sample was obtained because States using 

this basis were very well distributed geo- 

graphically. In this article, the data con- 

cerning the 150,000 commercial vehicles is 

referred to as the ‘‘1957 loadometer data.’ 

Information from more recent weighing 

studies and spot vehicle classification counts 

made by the States have been added to the 

1957 loadometer data. The locations of the 

weighing stations were selected with the ob- 

jective of making the data collected from them 

representative of the vehicles being used in 

that area. 

1961 loadometer data 

Rather than wait until the 1961 loadometer 

study had been completed and the complete 

record of weighings was available for use, a 

special group of data was collected from a 

limited sample of vehicles throughout the 

United States. This sample was obtained as 
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Table 1.—Trucks and combinations, observed during 1957 and 1961 loadometer studies, grouped by number of axles and by registered 

Registered gross 
vehicle weight 

Single-unit trucks 

gross vehicle weights ! 

Combinations consisting of— 

she 
ries 

(00 

50 

Tractor and semitrailer 
Tractor, semi- 

Truck and full trailer trailer and 
full trailer 

2-axles 3-axles 3-axles (2-S1) 4-axles (2-S2) 5-axles (3-S2) 3-axles (2-1) 5-axles (3-2) 5-axles (2-S1-2) 

ve 

Pounds 
3 000. see ee Re 

BOO e4 OOO pe: See ese eee 49, 279 
UG pe ee es 26, 846 
6000-7, 000 beeen ee ta onn ee 12, 767 
3. 000=0:900 ee Ure es 6, 637 

#0, 000-11 00daes2 ted 2 5, 456 
12;000-15 9902 see. aoe cos 4, 560 
14,000-15,999__----.--------- 4, 236 
16,000-17,999-.-------------- 6, 855 
5300010, 9002. = sees es. soos 4,431 

20000-21900 (os 2S ee ee 5, 761 

22;000=235009 2. sae ee ee 3, 000 
D4 GO0-25 000i 2 anaes 4,732 

26:000-27,999 4 -2.-s- coe eue ce (ees 153 
28,000-29, 294 

80: 000-81,000. <2 a ee 520 
Br OO0=35; 0005-5 ae Se eee 103 

36;000-89;000 = cue eon ss 

415,000=49,000- == -- = =*=_ 22 

BO; 000-54 000 2-255 et eae | 

55,000-59,999______ 

60,000-64,999 

65,000-69, 
{0000-74000 5 3 ee eee 

75,000-79, 

80,000 and over 

SOTAT. 3. ees eee 136, 957 

SS Sole Rw nop oF Nw} 

SS 
ONS AE O8 HC whe SNe 

1Data from 1957 and 1961 special, field - weighing reports are combined in this table. 
ehicle type. 

The portion of the table boxed by heavy lines represents 90 percent or more of the vehicles in each’ 

; = : : : Figure 2.—Commercial vehicle types as designated by code based on axle arrangement. 
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a part of the regular loadometer study, but 

was collected at the first station or first two’ 
stations operated in each State at the begin-. 
ning of the weighing operations. The study) 

instructions stipulated that vehicles were to be. 

weighed at each station until at least 10. A 

loaded and 10 empty vehicles of each visual 

type, as shown in figure 2, had been observed. 

A field crew member was assigned to inter-) 

view each driver and to obtain registration | 

card information while the vehicle was being. 

weighed by other members of the crew. 
These data were placed on punch cards, which. 

were forwarded to the Washington office of the 

Bureau of Public Roads. In order to check 

the accuracy of the sample, Public Roads sent 

the record of each of these vehicles to the 

State in which it was registered to be verified | 

against the registration file. It is believed 

that this check eliminated many of the incon-— 

sistencies, which might otherwise have gone 

undetected, and that data for the resultant— 

group of vehicles identified in this article as— 

the “1961 loadometer data” have a relatively [ 
high degree of accuracy. Although the sam-— 

ple was not expanded, a comparison of hed 

data with those obtained from other sources 

showed the information to be representatiana 

in all major weight cells. The usable sample 

from the 1961 loadometer data totaled ap- 

proximately 14,000 vehicles, and the infor- 

mation gathered included empty and gross 
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| weights, vehicle type, number of axles, body 

type, class of use, some information on fuel 

used, year model, make of vehicle, and com- 

modity carried. Only the information that 

| applies specifically to weight comparisons has 

been summarized here. Processing of the 

remaining data is in progress and, if these data 

are found to be representative, they will be 

| used in other studies. 
Some unexplained differences were noted in 

a comparison of the 1957 and 1961 loadometer 

data. These differences probably were caused 

| by the highway system coverage and the dis- 

tribution of the loadometer stations. Because 

_of the scope and purpose of the 1957 loadometer 

study, more urban stations were included and 

la greater coverage of secondary and local 

road systems was obtained. The 1961 load- 

ometer data, however, are more indicative of 

| the type of vehicles used on main rural 

highways. 

California data 

The third group of data used in preparation 

of this article was obtained from the State of 

‘California for vehicles registered under the 

Uniform Proration Compact. California 
Maintains an excellent file on motor-vehicle 

) fleets that are registered in other States on 

different registration bases and that are op- 
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Figure 3.—Empty to gross weight relationships and relative dis- 
tribution of 2-axle, single-unit trucks. 
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erated in California under the Proration Com- 

pact. Uniform empty and gross weight data 

and other vehicle information were available 

for these vehicles. The California authorities 

permitted the authors to use the information 

and provided much assistance in interpreting 

it. This availability of another source of data 

was an important factor in the decision to 

present this study. 

Unlike the truck samples obtained in the 

loadometer surveys, the California data repre- 

sented principally over-the-road fleets from 

the Western States. The records included 

the declared gross vehicle weight of the vehicle 

or combination; the empty weight of the power 

unit; and the type of carrier, make, year model, 

and number of axles; and the type of motor 

fuel used. Data on approximately 8,000 vehi- 

cles were supplied by the State, and informa- 

tion on 6,700 has been used in the comparisons 

in this article. Information on approximately 

1,300 vehicles could not be included in the 
study because one or more of the basic weight 

factors had not been included in the reports 

to the State. 

Data from other sources 

The State motor-vehicle registration au- 

thorities make their annual registration counts, 

RELATIONSHIP OF REGIS- 
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© 
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® 
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Figure 4.—Empty to gross weight relationships and relative dis- 
tribution of 3-axle, single-unit trucks. 

by vehicle type, available to the Bureau of 

Public Roads and other interested groups. 

These data are consolidated in Public Roads 

tables MV-1 through MYV-11 for use by 

government transportation and planning au- 

thorities, industry marketing groups, and 

private individuals. A few States prepare 

special tabulations on commercial vehicles by 

weight classes for their own uses, and copies 

of these have been supplied to the Bureau of 

Public Roads for studies of vehicle character- 

istics, distribution, and use. 

Discussion of Data 

Registered gross weights by vehicle types 

Asummary is shown in table 1 for the vehicles 

registered on a gross weight basis for which 

empty weights were available; these data were 

obtained in the 1957 and 1961 loadometer 

surveys. Numbers and percentages of vehi- 

cles of each type are given by registered gross 

weights. Heavy lines in the table enclose 

data for approximately 90 percent of the 

vehicles in each visual type. The extremes, 

representing approximately 10 percent of the 

vehicles, are “‘fenced out’? above and below 

the main group. Thus a visual comparison 

3 Bureau of Public Roads tables MV-1 through MV-11, 

Highway Statistics, issued annually. 
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Figure 5.—Empty to gross weight relationships and relative distribution of 3-axle, tractor- 
semitrailer combinations (2-S1). 

can be made of the total range of the data. 

This comparison shows the approximately 

90-percent spread of gross weights for each of 

the vehicle types, and it illustrates that as the 

vehicles became larger the gross weight range 

was smaller. Registered gross weights for 

each vehicle type, however, overlap the 

weights for both adjacent vehicle types. 

The 1961 loadometer data presented in this 

study for the 2-axle trucks cannot be separated 

into 4-tire and 6-tire classes. Other sources 4 

have shown however that, taken as separate 

groups, the 2-axle, 4-tire class would show a 

rapid diminution of numbers over 8,000 

pounds and, with the greater load flexibility 

permitted by additional tires, the 2-axle, 6-tire 

class would peak at about 12,000 to 18,000 

pounds and would taper off slowly in numbers 

at approximately 28,000 pounds. Within the 
enclosed area of the table, the data for succes- 

* Classification of Motor Vehicles, 1956-57, Bureau of Public 

Roads, U.S. Department of Commerce, 1960. 
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sive vehicle types form a group of steps to the 

larger gross weights. 

Comparison of 1957 and 1961 loadometer 

data and California data 

Table 2 shows the California data by regis- 

tered gross weights and by visual vehicle types. 

The heavy lines used, as in table 1, enclose ap- 

proximately 90 percent of the vehicles in each 

type. A comparison of the vehicle distribu- 

tions from the loadometer weighings shown 

in table 1 with those obtained from the Cali- 

fornia data included in table 2 reveals con- 

siderable disparity in the information from the 
two sources. Because vehicles represented in 

the California data were used principally in 

intercity service, much less dispersion in gross 

weights was noted in these data than in the 

information obtained from the loadometer 

studies. 

Frequency distributions and least squares 

comparisons of empty to gross weights are 

shown in figures 3-9 for the main visual type 

of vehicles. The California data, represented 
by the medium-length dash least squares lines 

in the upper panels of these figures, with cer-}- 

tain exceptions, showed that the average) 
empty weights of vehicles in relation to given 

gross weights were higher than the empty 

weight to gross weight relations recorded b 

loadometer data. A similar empty weight re- 

lationship was not recorded for the 3-S2 vehi- 

cle combinations; the slope of the line for the 

1961 loadometer data, shown in figure 7, sug- 

gests the effect of too small a sample. How- 

ever, this relationship of the empty to gross 

weight probably is not entirely accurate as the) 
Public Roads’ vehicle classification counts ©, 

indicate that use of the 3-S2 vehicle combina+ F 
tions has become more widespread geographi- 

cally than in 1957, and therefore the relation- 

ship of empty to gross weight could have been © . 

different than shown by the 1961 loadometer ‘ 
data. | | 

As shown in figure 8, an exception to the 

higher empty weights in relation to gross 

weights was recorded in the 1957 loadometer 

data, which included information on an un- 

usually large number of 3-2 truck-trailer com- 

binations registered at 50,000 to 55,000 pounds 
gross combination weight and reported as hay- 

ing empty weights of more than 16,000 pounds 
for the truck alone. Such a reported distri- 

bution of so many 3-2 combinations at 55,000 

pounds in 1957 was not normal because in the 

classification study nearly 97 percent of the 

3-2 combinations were reported to have been 

registered at more than 60,000 pounds gross 

combination weight. 

A percentage comparison of the gross weight 

distribution of combined 1957 and 1961 load- 

ometer data and of the California data with the 
nationwide gross weight distribution of all 

vehicles of each type reported in the 1956-57 

classification study is given in the bottom 

panels of figures 3-6. As shown in figure 3, 

the loadometer data distribution by gross 

weight was close to that for the classification 

study. This close relationship implies that 

the gross weights for vehicles sampled in the, 

loadometer studies were relatively propor- 

tional to the gross weights for all such vehicles 
registered. But, as stated earlier, the Cali- 

fornia data, consisting largely of registrations 

of over-the-road 2-axle, 6-tire vehicles showed 

a much larger sample for vehicles having 

18,000 to 26,000 pounds gross weights. The 

2-axle classification given in figure 3 includes} 

both the 2-axle, 4-tire and the 2-axle, 6-tire 
vehicles. Nationwide more than 90 percent 

of the 2-axle, 4-tire vehicles were registered 
for gross weights under 8,000 pounds. More 

than 67 percent of the 2-axle, 6-tire trucks 

were registered for gross weights in excess of 

12,000 pounds, and nearly 47 percent were 

registered for gross weights in excess of 16,000 

pounds. 

Figures 4 through 9 show that the gross 
weights of the sampled vehicles in the load- 

ometer studies follow closely the gross weight 

distributions of the vehicle population. Gross 

weight comparisons for information from the 

classification study have not been included in 

figures 7 through 9 for the 3-S2, 3-2, and the 

cas 
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| 2 S1-2 vehicle combinations because these 
-yehicles generally are registered for the State 
maximum permitted gross weights of over 
60,000 pounds and their registrations were 

shown in the classification study in that maxi- 
mum weight class. 

| Combined loadometer data 

In figure 10, straight lines illustrate the 

empty to gross weight relationships obtained 

by the least squares method. The lines in 
this figure were based on the combined data 

from the loadometer surveys, and they pro- 

vide a quick visual comparison of relationships 

for five vehicle types. The lines for the single- 

unit trucks follow a parallel course, they over- 

lap in the gross weights from 22,000 to 32,000 

| pounds, and they are separated by about 1,500 

[ | pounds of empty weight. This greater empty 

} weight is accounted for largely by the third 

axle in the 3-axle truck. The slope of these 

| two lines is much steeper than the slope of 

| the lines for the tractor power units, shown 
in combination as 2-S1, 2-82, and 3-S2, be- 

cause the payload carrying body is included 
in the empty weight for single-unit trucks but 

| is not included for the combination vehicles. 
} | A considerable gross vehicle weight overlap is 

| shown for the 2-S1 and 2-S2 combinations 

|, because of differences in size and weight re- 

|) quirements; some States require an additional 

} axle to carry loads that can be carried by the 

| 2-S1 combination in other States. Also, fac- 
| tors of terrain, power requirements, and types 

of loads carried are considered by operators 
in their choice of vehicles. 

data 

A percentage comparison of the distribution 

of gross weights of vehicles from the 1957 

‘loadometer data with the distribution of the 
| gross weights of vehicles from the 1961 
loadometer data is shown in table 3. The 

1957 study was designed to sample vehicles 
on all types of rural and urban highways as 
uniformly as possible, but the 1961 data were 

‘obtained to a larger extent at stations on 
main rural roads. The comparison shown in 

| table 3 indicates that the traffic on main rural 

roads has a much greater concentration of 

‘heavy vehicles than the total traffic on all 
types of rural and urban highways. 

Table 3 is complemented by table 4, which 
shows a distribution of the same vehicles by 

empty weights of the trucks and power units 

for the 1957 and 1961 loadometer surveys. 

; The information in both of these tables shows 
that the empty and gross weights were con- 

sistently heavier in the 1961 loadometer data. 

| Tn tables 3 and 4 the percentage distributions 

for each weight group, within each vehicle 

\ type, have been cumulated inversely as an 

additional check on the differences between 

the 1957 and 1961 loadometer data. At first 
glance it might appear that trucks and com- 
) binations have gotten heavier since 1957, and 
} to some degree this may be true. However, 
evidence from continuing vehicle and classi- 

\fication counts have led the authors to 
/ conclude that most of the difference between 
i 

-*, 
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Figure 6.—Empty to gross weight relationships and relative distribution of 4-axle, tractor- 
semitrailer combinations (2-S2). 

the two sets of data was caused by the 

difference in the size and scope of the samples. 

To show a more complete cross-section of 

information on the three vehicle types given 

in tables 3 and 4, a set of two-way frequency 

distributions of empty weight to gross vehicle 

weight has been given for each of the three 

vehicle types separately for the 1957 and 1961 

loadometer samples in tables 5-10. With the 

data arrayed in this manner it is possible to 

examine either the frequency distribution by 

empty weights of vehicles in a given class 

interval of registered gross weight, or the 

distribution by registered gross weights of 

vehicles in a given class interval of empty 

weight. Both numerical and percentage dis- 

tributions are given, and heavy lines enclose 

approximately 90 percent of the vehicles in 

each empty weight group. When special 

consideration is given to the 90-percent portion 

of the sample in each table, the array of each 

vehicle type is much more compact. Although 

an appreciable number of vehicles are shown 

at the extremes, those having heavy empty 

weights and light gross weights and those hay- 

ing light empty weights and heavy gross weights 

constituted only a small proportion of all 

vehicles in that class. A large proportion of 

some vehicles of a given empty weight were 

concentrated in two or three gross-weight 

intervals. 

Conversion tables 

Tables 11 through 17 give the comparisons 

of empty weights to gross weights of the com- 

bined 1957 and 1961 loadometer data for seven 

of the most commonly used types of vehicles. 

Information on all the vehicles for which the 

weight data collected was usable for this article 

has been included in these tables. They give 

the numbers and percentages (horizontally) 

of the gross weight distribution of these 

vehicles. The numbers of vehicles that had 

unusual empty to gross weight relationships 

have been included even though they repre- 

sent a very small percentage. The 166,000 

vehicles that were classified by weights are 

representative of the national distribution of 

vehicles and their classification provides a 

tool for the solution of problems of weight 

conversions. These data will be useful for 

making revenue estimates, as well as being a 

working tool in many areas of market research. 

The process of conversion is illustrated as 

follows. Assume that table 13 was considered 

appropriate, in a given situation, for con- 
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Figure 7.—Empty to gross weight relationships and relative distribution of 5-axle, tractor- 
semitrailer combinations (3-S2). 

verting 3-axle, tractor-semitrailer (2-Sl) com- 

binations registered by empty tractor weights 

into an array representing their probable 

distribution by registered gross weight of 

combination in a State requiring that method 

of registration. The number of vehicles in 

each class interval of empty weight should be 

multiplied by the corresponding horizontal 

percentages in table 13, and the numbers so 

obtained should be added vertically to obtain 

the distribution by registered gross weights. 

Conversely, a conversion from registered 

gross weight of combination to empty weight 

of tractor can be performed by distributing 

the number of vehicles in each gross weight 

class interval proportionate to the corre- 

sponding vertical distribution of vehicles by 

empty weights in table 13 and then adding 

the numbers so obtained horizontally. 

Weight relationship of trailer 

and combination 

In figure 11, a seattergram of the mean 

average empty weights and the lines of best 

fit reflect the approximate empty to gross 

weight relationship of tractors and semi- 

trailers shown in the California data. Straight 

lines were computed for 1- and 2-axle, semi- 

trailers and for the 2- and 3-axle tractor 
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trucks used with them. The scattergram 

shows a wide range of empty weights of semi- 

trailers in each type of tractor-semitrailer 

combination and at all gross weight levels. 

However, regardless of the type of combina- 

tion, whether 2-S1, 2-S2, or 3-S2, even with 

substantial increases in gross combination 

weights, only moderate increases were noted 

in the semitrailer average empty weight. 

But for the tractor truck power units a much 

steeper gradation in empty weight in relation 

to gross weight is shown. 

Empty weight to gross weight ratios 

Employing the power unit relationship 

used in figure 10 and the data from the semi- 

trailer line in figure 11, empty weight to gross 

weight ratios shown in table 18 indicate that 

vehicle gross weights ranged from 1.2 times 

the empty weight at the low-weight interval 

of the smallest vehicle to a high of 2.8 at the 

high-weight interval for the larger vehicles. 

It may be of some significance that a vehicle 

type selected and registered at near the maxi- 

mum weight of its class is capable of oper- 

ating with the most favorable empty weight 

to gross weight ratio. The results for the up- 

per gross weight limit of each vehicle type 

are similar for all five vehicle types. 

Range of conversion 

Figures 12 through 18 illustrate both the 

wide range of empty weights for each gross 

weight, and the range that contained approxi- 

mately 90 percent of the vehicles. Although 

the 90-percent range eliminates the extremes, 

the band of weight comparison is still too wide 

to allow the use of a point of conversion. It 

would be very difficult, if not impossible, to 

develop a usable set of weight relationships | 

that would permit a point, or even a narrow | 

band, of weight conversion to be used for 

any purpose. 

Conclusions 

In general, data from the vehicle weight | 
comparison series included in Classification of | 
Motor Vehicles, 1956-57, the information from | 

the 1957 and 1961 loadometer data, and the | 

California data tend to give each other 

strong mutual support. Therefore, the results 

of the 1957 loadometer study remain generally 
applicable, and the study reported in this — 

article is a further refinement of the data. In 

applying weight comparison factors from any 

of the data, however, some caution should be | 

exercised to allow for the increasing trend 

toward use of diesel-powered vehicles and for 

the anticipated effects of any changes in | 

vehicle size and weight laws. 

The 1961 loadometer data and the California | 
data have provided information that permits | 

the addition of another large vehicle combina- 

tion to the vehicle weight comparison series— 

the 2-S1-2. This combination was not 

covered in earlier studies. Additional in- 
vestigation in this area is warranted, not only 

to obtain more data on the vehicle weight 
relationships, but also to keep the findings 

from these investigations up-to-date. Com- 

prehensive studies of vehicles on a carefully 

tailored regional basis would provide informa- 

tion even more usable. In the selection of 

regions for these studies the State size and 

weight restrictions, the geographic features, 

and the predominance of certain types of 

vehicles favored for their adaptability to 

commerce or terrain of the region should be 

considered. 

The vehicle weight comparison tables 11-17 

present a reasonable nationwide picture of the 

relationship between recorded empty and 

registered gross weights of different vehicle 

types. These comparisons demonstrate 

clearly that it would not be practicable to try 

to develop a set of weight relationships that 

would permit a point, or even a narrow band, 

of weight conversion to be used for any pur- 

pose. Conditions in individual States may 

be such that modifications or adaptations of 

the data shown in tables 11-17 may be re- 

quired before they can be applied. However, 

the data provide a useful tool that can serve 

as a guide, or reference point, for local con- 

version problems. The local situation would 

have to dictate any adjustment factors neces- 

sary to make the data in these tables applicable 

to the problems being considered. y 
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2.—Trucks and combinations grouped by number of axles and by registered gross vehicle weights, from California interstate 
proration records ! 

lable 

Combinations consisting of— 

Tractor, semi- 
trailer and 
full trailer 

Registered gross 
vehicle weight 

Single-unit trucks Tractor and semitrailer Truck and full trailer 

2-axles 3-axles (2-S1) 4-axles (2-S2) 5-axles (3-S2) 3-axles (2-1) 5-axles (3-2) 5-axles (2-S1-2) 

Pounds 

4,000-4,999 
5,000-5,999 

Ree =15;000 10 2S oe 
Be O0 15, 099) Sorte. fe os 

i 000-17,999..0.0 ole Se 
ASSOO0<10° 000s eee ee a 96 CES SEN» i a AA PER ret Apo, EE a a EIR rr aN LCE caer ea I Oy MS le SORA ees eS 
BOW21 9902 ae ke! 74 IWeDG 1 2.8 2 (OER ESP RES ON tee Sea Ee Ries Salis tr a Ue OL emeA (oa 25 a e2| oe oc Os |g ee 
POOUHIS, O00 ues See 112 ae ee ee ee 1 0.1 3 Oe eee Sad ee 4 BOR Sa eee de. |ne ee Bree ear ee 
Ba 000205 0002 ses 25 as 85 13.5 3 8.3 9 0.7 8 ii) ERE ee a 4 SOS e aoa Sut, | Ree NS Ge Set ae 
Per 27,000 ee ae et ! 4 O53 in es eee cet ont | gee Sn a ae ee (eee LA Uy MA EE Stee tee fe ae 5 ee Oe 

ie 79-200,009 0-228: .. --- 8 1.3 1 2.8 3 0.2 u (tee | Se eal Bares. cy 2 45-5 Mase ntl gual ra oa eee 
| 0-31,900.4-10-.- 2 0-sesc 7 Re igel ee See ee 24 1.8 9 Tas | ele: Chee ie) Cae ee i ie oy Cae y tee 
} 89,000-35,900-_.._--..------ 3 ig See, eae, 15 Ll 2 Quas learn, = ate Sealey Oa. Redes Pees tel ee eee Be Rae 
; Dao eee hide. |aalt 30. 6 140 10.4 3 0.4 5} 0.1 1 pe Nee a Nee FA, ae 

40,000-44,999_.-_-.-------_-- 1 0.2 17 47.2 818 60.5 8 1.2 5 CDF oe le a Son se eis TPIS RRR AS 
| 

} EE ee Se 6.7 Pay] Fei Ag)! Soret Pasar a Rete ae 2 Gy a a Pe A? 
RRs Rhos cua gids. -|o. coe -ale<a42-ske|)<---- 81 6.0 45 6.6 8 Oe ca 25 air Oe. 2 0:4. No, oe eae 

RM or iO ene san eg fof es) 20s. nsa-| seed 2 fie | si0 45.3 16 Pts, ee a Seater - 2 3 OG a ene eae 
pte 60,000-64,009..-- ce] ef. : a a Ne 2 is Pl eto 30.2 89 oro: | aee nite ee ae 2 0. ul 2.1 
ESTEE SS 2 (ERE pee ie ee a ee eee 1 0.1 itty £280 sie rl Thee 2. 

oly ID 2 ayaa ORE ie eee a 0. 3 Bra So med 6. 
2 ie | OES 0 a Ce eb (A 0. oa poe pated | SASS: 8. 

‘1 The portion of the table boxed by heavy lines represents 90 percent or more of the vehicles in each vehicle type. 

able 3.—Comparison of relative numbers of motor vehicles observed in the 1957 and 1961 loadometer studies by gross vehicle weight groups 

Single-unit trucks Vehicle combinations 

Registered gross vehicle weight 2-axle 3-axle (2-S1) 4-axle (2-S2) 

1957 1961 1957 1961 1957 1961 

Cumu- Cumu- Cumu- Cumu- Cumu- Cumu- 

‘3 Pounds Pet. lated Pct.! ACs lated Pct.} chs lated Pct. Peeks lated Pet.1 CEs lated Pet.1 oets lated Pct,! 

mepunder 25,0001. -2- 5-2. 36.1 100. 0 32.8 ATU IU es MH Reem eet Soo IG AE te eee Ese ate Be VE 2 an a it Es an ee ed | eee ee ee 

recto) S00 ema ets fie = 2 ee |e 2 be eten--| 2-53 sin (3) (3) 0.2 10050." JR soeeeeten ne leeee ns a ores Se ee, ete Ae oi eee 

eeinicier* 24, 000-220 522) - 8. |, 5 -_-2--|----------+|---- == =-- 7-2] -~---------=|=------- BES eee oe oes oe eee oe 0.2 100. 0 0.6 100.0 
a 

M008 9908s eee 19.9 63. 9 13.1 67.2 |--=2-2oa- ===) -~- anon 7 oe = |oe enna] = na == - | nase ae | ona nn | Sen nae 5c) ee aie 
CE ee ee oS 9.0 44.0 15.8 64,0 “pp 2eseece Se || oe eee ae Oe Soe ee eles ee ote Sem ames 2 Pres ar Fe ee EA RY 

Bee HU0 9.990552. a aslo 4.7 35. 0 8.0 SI TRY I eesti ace NS = | eh | ce ta ee eS Se Sn eee ae eae ens ae cae eee 

fe t),000-11,999_..-.--.----2---.- 3.9 30.3 5.4 SOP Sse | ae eee oo et ae Se ee |e eee oN | Sect eee ae. soe als at cen ela oe eine 

fr t2,000-13,999__-_- 2 2.------.--- 33 26. 4 4.3 DER) 9 | (BOO eRe Ae Ses or SE oe eS a re ee ee 

r14,000-15,099......--.----_----- 3:2 23.1 16 2 Be i aca eel ear an | ae so cn keer ae es a 
fet 000—17,909._..-2-.-.-=---.--- Bel 19.9 : A AE a ee ee Ekginewk oad es aan nen t=s ee wees == Saga nas san | Sanaenem == —~l oceans dee =o | wanes oaseese 

is'000-10'999......... 33 14.8 2.6 16.8 19 100.0 0.3 ee eens eee el avert ee es ees 
Tie osy seen a 4.3 11.5 2.9 14.2 1.4 98.1 0.3 99,5 2 Ss en tree el BS et oe en a See 

B29. < 8 iS eee ONO; Ho) 2.4 1973 ibe / 96. 7 0.3 99. 2 OSS hd A Sit ees tae) as A A a 

ipee s £568 Seem 3.4 5.0 329 8.9 4.3 95. 0 1.3 98. 9 0.5 99.8 0.2 99. 4 

Pea a Pere et ee 2 0.8 1.6 dle 5.0 2.3 90. 7 0.4 97.6 0.3 99.3 0.1 99. 2 

i ag a re 0.2 0.8 0.6 283 3.3 88. 4 1.4 97.2 0.1 99. 0 0.1 99.1 

ica tata oa 0.4 0.6 0.9 Dak. 6.9 85.1 2.8 95. 8 0.5 98. 9 0.1 99. 0 

6 tel (3) (3) 0.9 18 18. 2 78. 2 6.8 93. 0 0.6 98. 4 0.3 98. 9 

(Get Sn gee ee ee 0.1 0.2 0.4 0.9 15.7 60. 0 15.3 86.2 1.3 97.8 0.6 a8. 6 

<a 0.1 0.1 0.2 0.5 33.6 44.3 41.2 70.9 3.4 96.5 2.3 98. 0 

eb ei se (3) (8) 0.1 0.3 4.0 10.7 9.4 29.7 4.6 93.1 ory 95.7 
ie (3) (3) (3) (3) 5.6 6.7 8.1 20.3 24.4 88. 5 6.8 93. 6 

Lo ee (3) (3) 0.1 0.2 0.7 len! 3.0 12.2 47.6 64. 1 39, 2 86.8 
ed Oa ea ee ee ek Aa 0.4 0.4 8.6 9.2 14.2 16.5 40.5 47.6 

(EA SS SS recs a lai ereeaed ra aaa Si BaP Naan PATE fay Be CaM Bee ene eigeey 3 as A 

60,000 and over 2_..._...------- (3) (3) 0.1 0.1 |------------|------------]--------- ---|------------|------------|-------- ----|------------|------------ 

I ices ee ee Nilot, 0 2 .sme | s- 2 .- $2-|a-~~----4-+|o--2cden=+* (3) (3) 0.6 0.6  |----- Tad soa nove |---=- Ce Gees eng 

muer0,000 find Over ?_....-.-_.__--_|_-----------|------=----- |-----=------|-------- = ++ [pono nena --- = |= 2 --- 2232-2 - | enn n nna ns [omen neon ane 4 0.2 .9 9 

Moti 100.0 100.0 100. 0 100.0 100. 0 100. 0 

1 Percentages in this column 

“4 Less than 0.1 percent. | 
f 
f 

[= «67658963 
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are an inverse cumulation of the percentages in the preceding column. i 3 ; 

Open-end weight classes are shown for each visual vehicle type at the lower end and upper end of the weight classification scale. Each open-end class applies to a specific visual vehicle 
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RELATIONSHIP OF REGISTERED GROSS WEIGHTS 

OF 3-2 COMBINATIONS TO RECORDED EMPTY 
WEIGHTS OF THEIR POWER UNITS 

—__.!957 LOADOMETER 
DATA 

— 1961 LOADOMETER 
~ DATA 

—=—= CALIFORNIA DATA 

COMBINED LOADOMETER 
DATA 

=—=—CALIFORNIA DATA 
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REGISTERED GROSS VEHICLE WE!IGHT-1,000 POUNDS 

RECORDED EMPTY WEIGHT- 

|.000 POUNDS 

Figure 8.—Empty to gross weight relationships and relative distribution of 5-axle, truck- 
full trailer combinations (3-2), 

Table 4.—Comparison of relative numbers of motor vehicles observed in the 1957 and 1961 loadometer studies by recorded empty weight: 
of power units 

Recorded empty weight of 
power unit 

Single-unit trucks 

Pounds 
Under 2 3,000 
Under 2 5,000__ 

3,000-3,999 
4,000-4,999 

5,000-5,999_ ___ 

6, 000-6, 999 

7,000-7,999 Sane 

8,000-8,999_ 
9,000-9,999 
10,000-10,999_ 

11000-11000... a RAR 4 

12,000--1¢ J. 

13,000-13,999_ 

12,000 and over 2___ 
13,000 and over 2__ 
14,000 and over 2 

TOTAL cosa eaves” 

Vehicle combinations 

2-axle 3-axle (2-S1) 4-axle (2-S2) 

1957 1961 1957 1961 1957 1961 

Cumu- Cumu- Cumu- Cumu- Cumu- Cumu- 
fae | lated Pct.3 Tein lated Pct. Ect. lated Pet.1 Pet. lated Pct,' Pet. lated Pet. Pet. lated Pet. 
18 100. 0 125 LOO Oo sees. ee ee EE | 2 enh Se 8 9) OE RS 2 ap I Ras tm ei fc a er 

Re Pe In| ee ar 9 a Sm | eee fea A | Ee 4.0 100. 0 0.5 100. 0 0.1 100. 0 0.3 100. 0 

42.4 98. 2 39.4 98.5) ) [oo.-aebh lh =-|-ebl a Se ab Soe aoe Ne oe eg - [eh a Ss i oe ee ee ee 
22.1 55.8 24.0 BO le eet ee a ee pa are) See ee | ee ee Sey bk ee a ee Oe ay ee Se eS ee ee ee 

7.8 33.7 9.5 35.1 9.1 96. 0 2.6 99.5 0.6 99.9 0.8 99. 7 
7.8 25.9 7.2 25.6 22.0 86.9 7.3 96.9 3.7 99.3 2.8 98.9 
7.3 18.1 3.6 18.4 23.4 64.9 16.7 89.6 4.7 95.6 2.6 96.1 

§.1 10.8 4.1 14.8 18.4 41.5 24.3 72.9 9.7 90.9 8.5 93. 5 
2.7 5.7 3.5 10.7 14.3 23.1 18.3 48.6 23.7 81.2 15.0 85.0 
1.4 3.0 2.6 7.2 5.2 8.8 15.8 30.3 26.0 57.5 23.1 70. 0 
0.6 1.6 1.8 4.6 3.6 3.6 6.8 14.5 12.4 31.5 20. 4 46.9 
0.4 1.0 tel, 2.8 ea ce ey.) eee ed ae oat er E.R EPR a 12.4 19.1 18. 2 26.5 

Ee ee) eS A Oe | Se Ee, Se ae ee Te Bee 5 eae 4.5 6.7 Sa 8.3 

Nee Os Rate e Ai a e , B  E (3) (3) 7.7 a7 “leis SS Lo eee 
0.6 0.6 re | Sy Ae eee | ee ee Sn Pe en ae ee aay EY, Se eS BSS ne ee Se 

Seep Py ieee Sf ee ie ee TA sated las Sab ge pea. ee © Se ee ee 8 eee 2.2 x 2.6 2.6 

100. 0 |------------ DOO UT eg dite eee 100, 0 ena . LOO Oa aoe eens 100/60 > 7. eae 100.0 | |..2..5coeeee 
; 

| Percentages in this column are an inverse cumulation of the percentages in the preceding column. 
? Open-end weight classes are shown for each visual vehicle type at the lower end and upper end of the weight classification scale. 

type. 
3 Less than 0.1 percent. 
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| RELATIONSHIP OF REGISTERED GROSS WEIGHTS 
OF 2-S1-2 COMBINATIONS TO RECORDED EMPTY 

WEIGHTS OF THEIR POWER UNITS 

90 

= =---196!| LOADOMETER DATA 

@ (e) 
——-—CALIFORNIA DATA 

1000 POUNDS 

Q o ~ (oe) [e) \e) 

RECORDED EMPTY WEIGHT- 

S (oe) 

PERCENT OF 2-S1-2 COMBINATIONS. OBSERVED 

[é*} (eo) 

20 

Om 10 20 30 40 50 60 70 80 

REGISTERED GROSS VEHICLE WEIGHT-|,000 POUNDS 

Figure 9.—Empty to gross weight relationships and relative distribution of 5-axle, tractor- 

semitrailer, full trailer combinations (2-S1-2). 
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Figure 10.—Relationship of the recorded empty weights of the 
power units to the registered gross weights of the vehicles based 
on combined 1957 and 1961 loadometer data. 
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Figure 12.—Range of recorded empty weights of 2-axle trucks 
registered by gross vehicle weights, based on the combined 
1957 and 1961 loadometer data. 
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Figure 11.—Scattergram of average empty weight of tractor 
trucks and of semitrailers by registered gross combination 
weight, and lines of best fit (California data). 
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Figure 13.—Range of recorded empty weights of 3-axle trucks 
registered by gross vehicle weights, based on the combi 
1957 and 1961 loadometer data. 
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Registered gross combination weight 
a J Beornes meter 1a a SRE ET AGES eR rs Se a ae a poms Total Percent 

: weilg of tractor ; 
¥ mt 

t (pounds) 0-17,999 | 18,000— | 20,000- | 22,000- | 24,000— | 26,000- | 28,000- | 30,000- | 32,000- | 36,000- | 40,000- | 45,000- | 50,000- | 58,000- | 60,000- een } 19,999 | 21,999 | 23,999 | 25,999 | 27,999 | 29,999 | 31,999 | 35,999 | 39,999 | 44,999 | 49,999 | 54,909 | 59,999 | 64,999 
: en, | 

te umber-_-_~---]--------- 28 4 6 18 12 10 17 20 36 58 | Dag bl ae ake 1 
% .8 8.4 5.6 4.7 7.9 9:3 Iw 16:8". | 27et aie imananes a5 ||} 24 4.0 
& 
e 48 16 32 40 88 € 2 64 97 10 1 2 
fh 9.8 3.3 6.5 Side ba 18-0 8 Pas, hey 29,8 2.0 0.2 04 ||} 49 5 
- 

% 
4 79 32 54 78 347 219 282 by (ror | pen ke hiaaed ae dae A ; x 
re) 6.7 2.7 4.6 6.6 29. 4 18.5 23. 9 PLP, ae ieee aay a 1, 182 22.0 
4 

, 34 20 25 146 315 26: 336 28 1 2 \y ony ‘ 
RA 2.7 1.6 20 | 11.6 | 251 | 209 | 267 2.2 0.1 O52 [[fle25t © fe 28k 

x 36 28 33 47 98 146 457 51 7 3 
be a7 2.8 3.4 4.8 94 | 148 | 46.4 5.2 0.7 0.3 ||} 985 | 18.4 
} 

« 8 10 afi | 26 70 68 360 67 120 14 2 , 
: 1 1.3 1.4 3.4 9.1 8.9 | 46.9 SoZ eth 1.8 0.3 ||} 77 | 143 

\ 10,000-10,009: 
, umber 1 3 3 5 6 29 30 129 16 4 ml -Percent.....--_- 0.4 11 Ll 2 Be ba com dine 200 mente 
| 11,000-11,999: 
. Number elke el eae Sse a Peel eee epee 1 3 2 7 
Meee ercentes 26-5. }0- 2202 --| 2/26 0.5 1.6 1.0 ; 3.6 \ 194 3.6 rl 

3 TOTAL: | 
#, Number._._--|--_------ 103 74 90 229 123 174 368 977 845 1, 805 214 301 38 24 \s 365 | 100.0 Poreent eve rea| yt 1.9 1.4 137; 4.3 2.3 3.3 6.9 18.2 15.7 33.6 4.0 5.6 0.7 | 0.4 y 

B 1 The portion of the table boxed by heavy lines represents 90 percent or more of the vehicles in each empty weight group. 

“ 

4 
. ‘3 
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Table 8.—Comparison of number and percent of 3-axle, tractor-semitrailer combinations (2-S1) by tractor recorded empty weights and 
* by registered gross vehicle weights, 1961 loadometer data ! 

| A 

| 
| a Registered gross combination weight (pounds) 

| | Recorded empty weight Total | Percent 
ie of tractor (pounds) 0-17, 999] 18,000- | 20,000- | 22,000- | 24,000- | 26,000- | 28,C00- | 30,000- | 32,000- | 36,000- | 40,000- | 45,000- | 50,000- | 55,000- | 60,000- | 65,000 ||number’ of total 
\a- 19,999 | 21,999 | 23,999 | 25,999 | 27,999 | 29,999 | 31,999 | 35,999 | 39,999 | 44,999 | 49,999 | 54,000 | 59,999 | 64,999 | and 
1 over 

Ky 
| 04,999: 
‘i BUINEEL DO) cpap atone ee. 2 gg ped ak fag ee ge el Sad EB a fe A | Ep Ls See See ua ee 2 ee ot Sh me Pee ee oe \ 5 0.5 
|S EE a ee 40. 0 20 10 0h eee ee enc ee ee | Sa, | he ee rns (es eee | Sek Me AQ NO gt | 52 ee ee es es ee | eee ; 

| | 5,000-5,999: 
\| a f Number Boo Sy eS 3 MY | ee ee ee ee een ee ene, Innere eer 1 1 8 5 7 1 Siig) ae! || OR 2 ey Se ee } 24 2.6 

| ARE SE oil ESTE: AMS RRR pA Seen (sige nine viele 4.2 ZU, SR eee I Orns a) eal 4.2 PED (bie es Bae ey eee . 

| | 6,000-6,999 
MemmeeeNurmper-2 25-8) 2 Le. je ee 1 1 2 1 5 14 10 32 fees ee eee faa eee en \ 68 73 
Meme orcenit. 22. 6 72S 32 | =. s Tbe ee 1.5 1:5 2.9 1,6 7.3 20. 6 14.7 47.0 Van re ats ada So |e Ls eS ' 

| 7,000-7,999: ; a ee duet ee ee | 1 3 1 6 5 14 47 68 3 3 4 |--------]-------- } 156. \ 16:7 
SA ES 2 a | | (ee ie aaa 0.7 1.9 0.7 3.9 3.2 9.0 | 30.3 | 43.9 1.9 1.9 Poe ||tan See Al Ee ee : 

| 8,000-8,999: 
a a A ae 1 1 4 1 3 7 14 37 115 17 17 3 3 1 \ 005 | 24.3 
mumeePercent: O50 tal ce eee 0.4 0.5 1.8 0.5 1.3 eal 6.2 | 16.4 | 50.9 7.5 7.5 13 1.3 0.4 ‘ 
4 
} 9,000-9,999: Oe ee (of Hae: Ted Pods Os ee & 5 i 24 77 21 14 So We ig lace \ 170 | 18.3 x i ay aN <2 2a ee eee Of6 Wkeee ees 15 Rite | Bese k | eee ee 3.0 4.1 14%" We a5 Selo 4 ay 2.9 TAG Ale 

| 10,000-10,999: ee re ee | re peat Oe 1 2 2 10 44 25 26 6 28 2 | wz | 15.8 
EER one 2) ei fu s|-<-2-2-- (ih iol eps Be 0.7 1.4 1.4 CS (2000) mre Ome sso 4.1 19.0 1.3 : 

| 11,000-11,999: 
a Soin: Se 9 Soe eR pl ie Ra Clee (se ee Umer (nc 4 3 22 5 6 4 17 2 } s aa 

‘ lywio. eS ce ai Se eS ot Sy Fe ee (eee es eee "te ‘. 6.4 4.8 34.9 7.9 9.5 6.3 27.0 3:2 ; 

— 12,000 and over: : 
rigs PRL oad UL 5 Spel he lla SD lea te baer ke 1 i) ee 6 16 14 8 6 dg 1 
ag ST TRS Ea Re RS NG a en) aa 1.4 eel icc ea 8.3 | 92.2 | 196 111 8.3 | 26.4 1.4 } m2) 17 

TOTAL: ; : - . ; 
bimrdt pet 2550 ak Gy 3 3 3 12 4 13 26 63 142 383 7 75 28 80 6 ' 

Beat pee 0,2 0.3 0.3 0.3 1.3 0.4 1.4 2.8 6.8 15.3 41.2 9.4 8.1 3.0 8.6 0.6 } 930 | 100.0 |x 

_ 1The portion of the table boxed by heavy lines represents 90 persent or more of the vehicles in each empty weight group. 
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Table 7.—Com parison of number and percent of 3-axle, tractor-semitrailer combinations (2-S1) by tractor recorded empty weights and 
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RECORDED EMPTY WEIGHT OF POWER UNIT— 
RECORDED EMPTY WEIGHT OF POWER UNIT- fe) 0 10 20 30 40 50 60 70 80 De 

REGISTERED GROSS VEHICLE WEIGHT-1,000 POUNDS 

Figure 14.—Range of recorded tractor empty weights of 3-axle, 
tractor-semitrailer combinations (2-S1) registered by gross 

10 20 30 40 50 60 70 
REGISTERED GROSS VEHICLE WEIGHT-1,000 POUNDS 

Figure 15.—Range of recorded tractor empty weights of 4-axle,| é phos ag EM, 9-89 intercede 
vehicle weights, based on the combined 1957 and 1961 load- tractor-semitrailer combinations | (754)s regtstere y  srOe vehicle weights, based on the combined 1957 and 1961 loadometer) 
ometer data. ia. 

Table 9.—Comparison of number and percent of 4-axle, tractor-semitrailer combinations (2-S2) by tractor recorded empty weights and 
by registered gross vehicle weights, 1957 loadometer data ! 

Registered gross combination weight (pounds) 
Recorded empty weicht of =a Total | Percent 

tractor (pounds) number | of total 
0-23,999 | 24,000- | 26,000- | 28,000- | 30,000- | 32,000- | 36,000- | 40,000- | 45.000- | 50,000- | 55,000- | 60,000- | 65,000- | 70,000 

25,999 | 27,999 | 29,999 | 31,999 | 35,999 | 39,999 | 44,999 | 49,999 | 54,999 | 59,999 | 64,999 | 69.999 | andover 

0-4 ,999: 

INDICES ee eh eee ees Pa PRs Syne ie eas | Re os Oi bes Pl lhe NE Se Se 3 2 Ck ebee ee Sok eee hae ela oe Loe ea oe ee 
Pepeent: oe ae OR Go| cs ee ates oo ae OPa| Pee alee CGE, oo ech 49:3} 608 6% ose oe NL ee: | a eee } 7 0.1 

5,000-5,999: 
INtiinbers eae oso 1 3 iff 2 W} 1 1 2 7 13 2 pn Puce ead Ee eS \ 42 0.6 
Percent. 5 eee 2.4 71 16.6 4.8 4.8 2.4 2.4 4,8 16.6 30.9 4.8 Dag Weg (te eae! re eiae | J 

6,000-6,999: 
Num ber:s.2¢.-eecee 6 16 3 2 6 7 23 31 71 50 38 car eee tenes) AE de 259 3.7 
Parcbtitke 5 cea 2.3 6.2 La 0.8 2.3 2.7 8.9 12.0 27.4 19.3 14.7 2.35 oc cee eee \ . 

7,000-7,999 
ING Der Rooaacane eaeeceee 1 3 2 3 10 8 11 43 32 118 70 yf amy Ee ee 1 399 4,7 
Pewtont corre a tee 0.3 0.9 0.6 0.9 3.0 2.4 3.4 13.1 9.7 35.9 21.3 a eee 0.3 } 2 . 

8,000-8,999: 
Nunn bttcene. coat enueoneet 2 1 4 1 1 8 18 56 53 264 182 Obe- | Vo eee eee 9 
Perctnitise. ait athe p ee 0.3 0.1 0.6 0.1 0.1 1.2 2.6 8.2 7.7 | 386 | 26.6 139°] accel ee one \ 685 7 

9,000-9,999: 
Nrmbeors.2.<nas ane 4 3 2 1 li 12 27 54 79 546 648 279 4 2 23.7 
Percetit.o ....0-. oases 0.2 0.2 0.1 0.1 0.7 0.7 1.6 3.2 4.7 32.7 38.8 16.7 0.2 0.1 } 1, 672 I. 

10,000-10 999: | 
Numbers. mot coeur 1 2 1 1 ?. 4 5 28 42 417 985 310 35 2 
Perce oni esas 0.1 0.1 0.1 0.1 0.1 0.2 0.3 1.5 2.3 | 22.7 | 636 | 16.9 1.9 0.1 \ 1,835 | 26.0 

11,000-11 999: 
Nomibetaus,. 0 ta eee ee Pointe 4 1 3 u 8 190 505 107 40 2 
Percent. tne cas sec ene) eee bad PaaS 0.5 0.1 0.3 1.3 0.9 | 218 | 57.9 12.3 4.6 0.2 } 872 | 12.4 

12,000-12. 999: 
Nunibetes 2. 228 eee 1 LES ae eke eee © ee oe ae ae 1 if 13 83 650 91 21 5 a 
Percent....---.-.-------- 0.1 Os RE cae] Se. ee a ae te | ae Bae 0.1 0.8 1.5 9.5 74.5 10.4 24 0.6 \ 73 12.4 

13,000-13,908: 
Number....-.......---.-]--------- Ed ees Ee aes A EN See 1 3 7 18 206 41 39 
PEreetit snd nee eee Sy RSS Aca ey k | ES 1 0.3 0.9 2.2 5.7 | 648 | 129 | 123 4.5 

iy and over: 
NGDIDOT os ong pabcae i hewn Sone ones] Seen nt oho ee EI eee. eee ch ate eS) eee, 1 8 21 64 44 9 Pareant.sosh5c5 socks dane accel Stee heen so wees) oar ee, aes) er 0.7 5.3 | 138 | 421 | 289 5.9 2.2 
ap dare ; 

Number-...-....---... 18 32 20 10 36 41 90 239 323-2) 55°720 (78,850 sin Od 148 Percent._.-............ 0.2 0.5 0.3 0.1 0.5 0.6 13 3.4 4.6 128404, 47,80) ae 21 100.0 

1 ‘Lhe fortion of the table boxed by heavy lines represents $0 percent or more of the vehicles in each empty weight group. < 
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RECORDED EMPTY WEIGHT OF POWER UNIT- 

7. 

10 20 
REGISTERED GROSS VEHICLE WEIGHT-1,000 POUNDS 

Figure 16.—Range of recorded tractor empty weights of 5-axle, 
tractor-semitrailer combinations (3-S2) registered by gross 

_ vehicle weights, based on the combined 1957 and 1961 loadometer 
_ data. 

30 40 50 60 70 

Nn eS 

1,000 POUNDS 

RECORDED EMPTY WEIGHT OF POWER UNIT- 
30 

REGISTERED GROSS VEHICLE WEIGHT~-1,000 POUNDS 
40 50 60 70 

Figure 17.—Range of recorded truck empty weights of 5-axle, truck 
full-trailer combinations (3-2) registered by gross vehicle weights, 
based on the combined 1957 and 1961 loadometer data. 

_ Table 10.—Comparison of number and percent of 4-axle, tractor-semitrailer combinations (2-S2) by tractor recorded empty weights 

and by registered gross vehicle weights, 1961 loadometer data! 

Registered gross combination weight (pounds) 
Recorded empty weight of (el Acre 

tractor (pounds) number | of tota 
0-23,999 | 24,000- | 26,000- | 28,000—- | 30,000~- | 32,000- | 36,000—- | 40,000— | 45,000— | 50,000- | 55,000- | 60,000- | 65,000- | 70,000 

25,999 27 ,999 29,999 31,999 35,999 39,999 44,999 49,999 54,999 59,999 64,999 69,999 | and over 

it 
16.7 } 2 0.3 

camera | eM a, 

Sete erated | ROC R es f 50 2.8 

| 

Bes eke ae 

1 aie ah \ 154 8.5 

Agia ees \syea78 15.0 

3 ; se } 419 | 23.1 

2 a , 
> of at oe SSS (coat a aerial (eee meas (Gananeanie (une nen 03 ||f 37 20. 4 

12,000-12,999: 
Boner. 22.20. s=, | Met 2 Wieder’ |aeseomoae ee | ee aes 

merercent.—22-2---2.-.=---- Osta eee OF Gia So ee Ale ee 

~ 13,000-13,999 3 |N fo eel ell ee Es eed ee ee eee 29 |If 193 5.7 
ou Sep Lit eles 22 i Se aes Re Boas eS 

14 000 and over: 2 
Number Ve ARS Ae ea 2 0) SES Sere ae ee Ee eS ear 43 } 47 2.6 

Up) Set ee ee eR | See Bee | 

TOTAL: al 
= 11 41 39 123 711 736 113 17 \ | 

tl: gate at - Piha an pane badge elon! ale 0.6 dae BR Pi KS or eed. PROS weg 1 Og, iy Ste: AP SNe 
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24 

000 POUNDS 

RECORDED EMPTY WEIGHT OF POWER UNIT- 
10) 
O 10 

REGISTERED GROSS VEHICLE WEIGHT-|I,000 POUNDS 
20 30 40 50 60 70 

Figure 18.—Range of recorded tractor empty weights of 5-axle, 
tractor-semitrailer, full-trailer combinations (2-S1-2) registered 
by gross vehicle weights, based on the combined 1957 and 1961 
loadometer data. 

7% 
registered gross vehicle weights 

Registered gross vehicle weight (pounds) 
Recorded empty 
weight of track 

(pounds) Under | 18,000- | 20,000- | 22,000- | 24,000- | 26,000- | 28,000- | 30,000- | 32,000- | 36,000- | 40,000- 
18,000 | 19,999 | 21,999 | 23,999 | 25,999 | 27,999 | 29,999 | 31,999 | 35,999 | 39,999 | 44,999 

Under 9,000: 
Number..---------- 99 33 34 29 63 42 42 58 51 54 99 
Percent__..-------- 16.1 5.4 5.5 4.7 10.3 6.8 6.8 9.5 8.3 8.8 16.1 

9,000-9,999: 
Mim bor ee oo 21 3 11 16 52 17 32 51 93 69 42 

ml Percent._._...--__- 5.1 0.7 2.7 3.9 12.7 4.1 7.8 12.4 22.6 16.8 10,2 

| 10,000-10, 999: 
m)) Number....------.- 11 4 6 9 23 41 30 36 145 137 63 
4 eereon tonsa cen ase 2 0.8 152 1.8 4.5 8.0 5.9 (pal 28.5 26.9 12. 4 

| 11,000-11,999: 
i Number_._--------- 8 1 5 19 19 20 38 28 7 133 72 
Mm. Percent. _-.-----..- 1.9 0.2 1.2 4.5 4.5 4.7 9.0 6.6 16.5 31.4 ie 

| 12,000-12,999: 
Number._-------.-- 7 1 2 4 1 12 15 18 63 134 140 
Percent__.....------ a3 0.2 0.4 0.7 2.1 2.3 2.8 3.4 11.9 25.3 26.5 

13,000-13,999 : : 
Niimber.c.- coke 1 1 2 10 7 ll 21 33 74 72 99 
Percent_-.-_------_- 0.2 0.2 0.5 2.3 1.6 2.5 4.8 7.5 16.9 16, 4 22.6 

14,000-14,999: 
Number...--------- 2 2 2 2 5 9 7 26 40 124 119 
Percent____-----__- 0.4 0.4 0.4 0.4 1.0 1s 1.4 5.1 7.9 24.6 23.6 

15,000-15,999 
_ Num ms ke ae lip Ot pee oA al 1 3 1 11 ‘i 23 27 50 212 

: Percent._.__-.----.- One le. meee. 0.1 0.4 0.1 1.3 0.9 2.8 3.3 6.1 25.9 

1 16,000-1 
4 we shad Santas FAk | popes ania A 9 6 9 10 15 29 32 144 
i Percent ees ke (13; Sp RES anes | ie Sameera 1.8 172 1.8 ae 3.1 6.0 6.6 29.6 

| 17,000-17 
ene Aly eng Tae oe eo 1 3 2 7 5 42 99 173 

mee. Percent__...._.___- (cia) a Ta Na 0.3 0.8 0.5 1.9 1.4 11.5 27.0 47.3 
| 

18,000- 
ee he oe eae 2 2 1 1 12 3 5 14 ul 118 

meee Percent....-...---|-.---.--_. 0.5 0.5 0.2 0.2 2.7 0.7 iis 3.2 25.3 26.9 
ea 
} 19 are OS ed eee ee ie te 3 1 3 50 47 212 
| Percent 012s se 0.6 0.2 0.6 10.7 10.1 45.3 

eh Pees eee ees | ee 2 2 16 1 21 10 112 164 
Pen por s Soe (ORR SN RR PSR ae 0.1 0.1 1:2 0.1 1.6 0.8 8.3 12.2 

; 
i ' piciiber Te ee 152 47 65 106 193 205 214 322 708 1,174 1, 657 
7 Pereantss.2- sks 21 0.6 0.9 1.5 2.6 2.8 2.9 4.4 9.6 16.0 59.5 

'UBLIC ROADS e Vol. 32, No. 7 
i 

al ee S| 

45,000- 
49,999 

101 
19.1 

10 
23.8 

153 
30. 4 

156 
35. 5 

50,000 
and over 

18 
4.9 

14 
3.2 

43 
9.2 

75 
5.6 

ae 

\ 614 

hea 

\ 509 

\ 424 

\ 529 

\ 438 

\ 504 

\ sis 

} 486 

\ 366 

\ 439 

\ 468 

} 1,343 

} 7, 349 

Table 12.—Table for estimating the distribution of 3-axle, single-unit trucks grouped by recorded empty weights, by groups of probable 

Percent 
of total 

8.3 

5.6 

6.9 

5.7 

6.0 

6.6 

5.0 

6.0 

6.4 

18.3 

100, 0 
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Table 13.—Table for estimating the distribution of 3-axle, tractor-semitrailer combinations (2-S1) grouped by recorded empty weights 

by groups of probable registered gross vehicle weights 

Registered gross combination weight (pounds) 

d ty weight ~|| Total | Percent 
ae Nee pag cad Under | 18,000- | 20,000- | 22,000- | 24,000- | 26,000- | 28,000- | 30,000- | 32,000- | 36,000— | 40,000- | 45,000— | 50,000— | 5. ,000- | 65,000 |}number| of total 

18,000 19, 999 | 21,999 23, 999 25, 999 27, 999 29, 999 31,999 35, 999 39, 999 44, 999 49, 999 54, 000 | 5 

Under 5,000: 

5,000-5,999: 
INtm bert Ceo ceee sere. 
Percent 

6,000-6,999: 

Number 
Percent 

8,000-8,999: 
Number 
Percent 

9,000-9,999: 
Nun peri eee oseeaese se 
Percent 

10,000-10,999: 
Number 
Percent 

12,000 and over: 
Number 
Percent 

TOTAL: 
Number 
Percent 

i Less than 0.1 percent. 

Table 14.—Table for estimating the distribution of 4-axle, tractor-semitrailer combinations (2-S2) grouped by recorded empty weights, 
by groups of probable registered gross vehicle weights 

Registered gross combination weight (pounds) 
Recorded empty weight of | "<1 er cs TP eh Ee ia in A A ra mY DG Ord es 

tractor (pounds) number | of total 
Under | 24,000- | 26,000- | 28,000- | 30,000- | 32,000- | 36,000- | 40,000- | 45,000- | 50,000- | 55,000- | 60,000— |, 65,000- | 70,000 
24,000 25,999 27,999 29,999 31,999 35,999 39,999 44,999 49,999 54,999 59,999 64,999 69,999 | and over 

Under 5,000: 
Number.-_- 4. 2 1 3 3 OUR | emeee? tse | a ote ae Sy | si 
Percentss.u. 2 eo ee 15.4 7.7 23.1 23.1 16.3 Ae eee eae es 16th 

5,000-5 999: 
Numberc2:2052 2 3 4 7 2 2 1 1 2 8 17 7 27h) sco se ane een eee 
Percent... 9s-- eee ee 5.3 veel 12.5 3.6 3.6 1.8 1.8 3.6 14.2 30.4 12.5 3.0 Vasa ee poe cee 

6,000-6 ,999: 
Number este cena eeeenes 8 17 3 2 ff 7 23 32 76 64 60 10. eS eee 
Percent e cc se a 2.6 5.5 1.0 0.6 2.3 2.3 7.4 10.4 24.6 20.7 19.4 3.2.02 2 eee 

7 ,000-7 999: 
Num bere ssc hee ee 1 3 2 3 10 8 15 43 35 127 91 38.) | Ss eee 1 
Percent seses a. ee ee 0.3 0.8 0.5 0.8 VAY Qat 3.9 11.4 9.3 33.7 24.1 10/1, 1|33 Sees 0.3 

8,000-8 999: 
INumMDbDsre asc ee ee 3 1 4 1 1 9 22 61 58 291 269 u7 1 1 
Percent 23.202. +. saat tae 04 0.1 0.5 0.1 0.1 abet 2.6 To 6.9 34.7 32.1 13.9 0.1 0.1 

19,000-0 000. = e223) See 

Number ces. 5 aes 4 3 2 1 11 14 30 60 87 573 784 361 13 2 
Percents 2.2 ae ee 0.2 0.2 0.1 0.1 0.5 0.7 1.5 3.0 4:5 29.5 40.3 18.6 0.7 0.1 

10,000-10,999: 
NUM Der caesar 5 2 1 Z 3 6 5 34 47 439 1, 124 615 66 5 
Percent. ae: ees 0.2 0.1 (4) 0.1 0.1 0.3 0. 2 1.5 21 19.5 49.9 22.9 2.9 0.2 

11,000-11 999: 
IN DOr eee oie oe ee ef ei oe tie) ae pee 4 2 3 19 10 197 652 274 fH 4 
Perconti: site 228 SBS Seer eae Sa ee (Dae RAP te oe es 0.3 0.2 0. 2 1.5 0.8 15.9 52.5 22.0 6.2 0.3 

12,000-12,999: 
N OMDOR ssasa in cee 3 1 D tsar ere bigeenene Sae ys eo 1 12 19 92 759 260 45 10 
Percent. 4.5) 5 ee ee 0.3 0.1 OFBA HS ot a2 ee OS RO ae a 0.1 1.0 1.6 7.6 63.0 21.6 3.7 0.8 

13,000-13 999: 
N amber 458 eee 2 Oe, eee ee oe et ah re ee a 1 13 10 20 231 91 49 3 
Porcent..».24 225 8 oak see > Oy pad Seeeeee es, RES Se CS Be 2 0.2 3.1 2.4 4.8 54.9 21.6 11.6 0.7 

14,000 and over: 
Number cae ee ee ee ae ee era ae mee es Pee a pes Metin on opt yey oer 1 8 21 84 68 10 < 
Percent..sc8. 00 2 2 ie | eee Rana ai ots. Se SS et Re hed ce SS yal be) EAA 0.5 4.0 10.6 42.2 34. 2 5.0 3.5 

TOTAL: 

1 Less than 0.1 percent. 
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Table 15.—Table for estimating the distribution of 5-axle, tractor-semitrailer combina- 
tions (3-S2) grouped by recorded empty weights, by groups of probable registered gross 
vehicle weights 

Registered gross combination weight (pounds) 
Recorded empty 
weight of tractor ; Total Percent 

(pounds) Under 50,000- | 55,000- | 60,000- | 65,000- 70,000- 75,000 number | of total 
50,000 54,999 59,999 64,999 69,999 74,999 | and over 

Under 12,000: 
Number 136 197 172 
Percent 18.3 4 5 26.5 23. 2 

27 215 207 
3.1 : : 24.7 23.7 

12 234 
1.8 : f F ; 35.5 

11 438 
1.3 A 

15,000-15,999: 
Wumbers oe o.F- 
Percent 

Table 16.—Table for estimating the distribution of 5-axle truck, full-trailer combinations 
(3-2) grouped by recorded empty weights, by groups of probable registered gross vehicle 
weights 

Registered gross combination weight (pounds) 
Recorded empty hs © of truck Total Percent 

( number | of total 
Under 60,000- 65,000- 70,000- | 75,000- 80,000 
60,000 64,999 69,999 74,999 79,999 | and over 

18,000-18,999: 
Number 

20,000-20,999: 
Number 
Percent 

21,000-21,999: 
Number 
Percent 

22 000 and over: 

Percent 

TOTAL: 
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Table 17.—Table for estimating the distribution of 5-axle, tractor-semitrailer full trailer Table 18.—Empty weight to gross weight 
combinations (2-S1-2) grouped by recorded empty weights, by groups of probable regis- 

tered gross vehicle weights 

Registered gross combination weight (pounds) 
Total Percent Recorded empty 

weight of tractor 
(pounds) 55,000- | 60,000- 

Under 10,000: 
Number 
Percent 

10,000-10,999: 
Number 
Percent... = 

11,000-11,999: 
Number 
Percent 2-2 eee 

12,000-12,999: 
Number 
Percent 

13,000-13,999: 
Number 
Percent 

14,000 and over: 
Number 
Percent 

TOTAL: 
Number 
Percent 

HIGHWAY PROGRESS, 1962 

Annual Report of the Bureau of Public 

Roads, Fiscal Year 1962 

The Bureau of Public Roads, U.S. Depart- 

ment of Commerce, presents a review of the 

accomplishments of the Federal-aid highway 

program and of its many other activities dur- 

ing the fiscal year 1962 in its annual report, 

Highway Progress, 1962. 

Included in the 112-page illustrated publi- 
cation is a descriptive account of the tremen- 

dous progress made during fiscal year 1962 on 

construction of the National System of Inter- 

state and Defense Highways and in improve- 

ment of primary highways, secondary roads, 

and urban arterials under the regular Federal- 

aid program. Also described is the highway 

construction work undertaken directly by the 

Bureau of Public Roads in national forests 

and parks and on other Federal lands, as well 

as Public Roads’ activities in providing tech- 

nical assistance to foreign countries to further 

their program of highway development. 

178 

65,000- 
number | of total 

70,000— 
74,999 

75,000- 
79,999 

80,000 
and over 

New Publications 

Also reported on at length are the activities 
and accomplishments of Public Roads in 

highway planning and design, urban trans- 

portation planning, safety, and its extensive 

and varied research and development pro- 

gram. Included as an appendix in the report 

are 19 statistical tables covering the progress 

and activities of the Federal-aid program dur- 

ing the fiscal year 1962. 

Highway Progress, 1962, is available from 

the Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, 
D.C., at 35 cents per copy. 

Standard Plans for Highway Bridges 

The Bureau of Public Roads has recently 

issued a 4-volume set of Standard Plans for 

Highway Bridges (1962) to replace the 1956 

edition of Standard Plans for Highway Bridge 

Superstructures. The new plans are available 

from the Superintendent of Documents, U.S. 

Government Printing Office, Washington 25, 

D.C., and may be ordered singly for $1.00 each 

or as a complete set for $4.00: Vol. I—Con- 

v 2 si a ‘ Fe Ly IS See ee aE ES 

ratios of single-unit trucks and tractor- 
semitrailers, at selected gross vehicle 
weights 

Ratio of gross vehicle 
weight to— 

Vehicle type Empty Empty 
weight of | weight of | 
power unit} entire 

only vehicle 

Single-unit trucks: 
2-axle 

4,000 pounds GV W 
32,000 pounds GV W 

3-axle 
22,000 pounds GV W 
50,000 pounds GV W 

Vehicle combinations: 
3-axle (2-S1) 

20,000 pounds GV W 
50,000 pounds GV W 

4-axle (2-S2) 
30,000 pounds GV W 
65,000 pounds GV W 

5-axle (3-S2) 
50,000 pounds GV W 
75,000 pounds GV W 

Pa ae 

crete Superstructures; Vol. 11—Structural Steel 

Superstructures; Vol. IlI—Timber Bridges; 

and Vol. IV—Typical Continuous Bridges. 

The first three volumes are a substantial 

revision of the 1953 and 1956 editions of this 

publication and the fourth volume presenti 

additional information. Volumes I and II 
contain plans for superstructures for simple 

concrete and _ steel bridges respectively; 

Volume III contains plans for substructures 

and superstructures for timber bridges; and 

Volume IV contains complete detailed plans 
for typical 4-span continuous concrete and 

steel bridges. 

These plans will serve as useful guides to 

State, county, and local highway departments 

in the development of suitable and economical 

bridge designs for primary, secondary, and/ 

urban highways. The plans provide informa- 

tion sufficiently complete to approach con-— 

tract drawings as nearly as practicable. For| 

any given bridge location, however, require- 

ments imposed by site conditions will necessi-— 
tate modification of the plans. y 
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Estimated Travel by Motor Vehicles in 1961 
BY THE CURRENT PLANNING DIVISION 

BUREAU OF PUBLIC ROADS 

OTOR-VEHICLE travel in the United States 

M in 1961 totaled 737.5 billion vehicle-miles, 

an increase of 2.6 percent over the travel in 

1960. The travel data were compiled from 

information supplied by the State highway 

departments and toll authorities. Total 

travel for 1962, based on information for the 

first 10 months of the year is estimated at 

767 billion vehicle-miles, a 4-percent increase 

over 1961. 

The proportions of travel by road system 

and by vehicle type changed little from 1960 

to 1961. Of the 1961 travel, 40 percent was 

on main rural roads comprising 14 percent of 

the Nation’s total of 3.6 million miles of roads 

and streets. Another 46 percent of the travel 

was on urban streets, which comprise only 12 

percent of the total mileage. Local rural 

roads accounted for only 14 percent of the 

travel but make up 74 percent of the total 

mileage. 

Passenger cars represented 84 percent of the 

vehicles and accounted for 82 percent of the 

travel in 1961; trucks and truck combinations 

accounted for 16 percent of the vehicles and 

17 percent of the travel; buses accounted for 

less than 1 percent of both vehicles and travel. 

Average vehicle performance in 1961 differed 

very little from that reported for 1960. The 

180 

average motor vehicle traveled 9,648 miles in 

1961, almost half of it in cities, and consumed 

776 gallons of fuel at a rate of 12.44 miles per 

gallon. The average passenger car traveled 

9,465 miles and consumed 658 gallons of fuel, 

at a rate of 14.38 miles per gallon. The aver- 

age commercial bus traveled a little more and 

the average truck a little less in 1961 than in 

Reported by THEODORE S. DICKERSON, 

Highway Research Engineer 

1960, but their average rates of fuel consump - 

tion did not change appreciably. 

The travel and related information for 1961 

is shown in table 1 by road system and vehicle 

type. Such data have been reported in 

Pusric Roaps magazine for a number of 

years; the latest, for 1960, appeared in vol. 

32, No.1, April 1962, p11; 

Table 1.—Estimated motor-vehicle travel in the United States and related data for calenda 
year 1961! : 

Motor-vehicle travel Motor-fuel Aver- 
Number | Aver- | consumption age 
of ve- age travel 

Vehicle type hicles travel per 
Main Local Total regis- per Aver- | gallon 
rural rural rural Urban | Total tered | vehicle| Total age of fuel 
road road travel travel travel per con- 
travel | travel vehicle | sumed 

Million | Million | Million | Million | Million 
vehicle- | vehicle- | vehicle- | vehicle- | vehicle- Thou- Million Miles/ 
miles miles miles miles miles sands Miles | gallons |Gallons| gal. 

Passenger cars ?_....---- 233,011 | 79,426 | 312,437 | 292,120 | 604, 557 | 63,870 9,465 | 42,033 658 | 14.38 

Buses: 
Commercialzessses sees 878 156 1, 034 1, 812 2, 846 75.2 | 37, 846 610 | 8,112] 4.67 
School and nonreve- 
TUG 24 so ee ee 627 664 1, 291 259 1, 550 205.5 | 7, 543 220 | 1,071 | 7.05 

ATI DuseSiihe eee ees 1, 505 820 2, 325 2,071 4,396 | 280.7 | 15, 661 830 | 2,957 | 5.30 

All passenger vehicles.__| 234,516 | 80,246 | 314,762 | 294,191 | 608,953 | 64,151 9,492 | 42, 863 668 | 14. 21 

Trucks and combina- 
tions Sea see eee 62,679 | 20,461 | 83,140 | 45,442 | 128, 582 | 12, 291 10, 461 | 16,443 | 1,338 |) 7.82 

All motor vehicles__...-- 297,195 | 100,707 | 397,902 | 339, 633 | 737, 535 | 76, 442 9, 648 | 59, 306 776 | 12.44 

1 For the 50 States and District of Columbia. 
2 Includes taxicabs; also motorcycles (595,669 registered) . 
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A list of the more important articles in Pusiic Roaps and title 

sheets for volumes 24-31 are available upon request addressed to 

Bureau of Public Roads, Washington 25, D.C. 

The following publications are sold by the Superintendent of 
Documents, Government Printing Office, Washington 25, D.C. 

» 1951, 35 cents. 1955, 25 cents 1958, 30 cents. 1959, 40 

e 1960, 35 cents. 1962, 35 cents. (Other years, including 

1961 report, are now out of print.) 

Taxation (1951). 30 cents. 

Federal Role in Highway Safety, House Document No. 93 (1959). 

60 cents. 

Highway Cost Allocation Study: 
First Progress Report, House Document No. 106 (1957). 

35 cents. 

Final Report, Parts I-V, House Document No. 54 (1961). 

70 cents. 

Final Report, Part VI: Economic and Social lffects of High- 
way Improvement, House Document No. 72 (1961). 

25 cents. 

The 1961 Interstate System Cost Estimate, House Document 

0. 49 (1961). 20 cents. 

and Defense Highways, Federal-aid Primary Highway System, 

and U.S. Numbered Highway System. Scale 1 inch equals 80 

miles. 25 cents. 

PUBLICATIONS 

Ageregate Gradation for Highways: Simplification, Standard- 

ization, and Uniform Application, and A New Graphical 

Evaluation Chart (1962). 265 cents. 

America’s Lifelines—Federal Aid for Highways (1962). 15 cents. 

PUBLICATIONS 
of the Bureau of Public Roads 

PUBLICATIONS—Continued 

Classification of Motor Vehicles, 1956-57 (1960). 75 cents. 

Design Charts for Open-Channel] Flow (1961). 70 cents. 

Federal Laws, Regulations, and Other Material Relating to 
Highways (1960). $1.00. 

Financing of Highways by Counties and Local Rural Govern- 
ments: 1942-51 (1955). 75 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Capacity Manual (1950). $1.00. 

Highway Statistics (published annually since 1945): 
1955, $1.00. 1956, $1.00. 1957, $1.25. 1958, $1.00. 1959, 
$1.00. 1960, $1.25. 

Highway Statistics, Summary to 1955. $1.00. 

Highway Transportation Criteria in Zoning Law and Police Power 

and Planning Controls for Arterial Streets (1960), 35 cents. 

Highways of History (1939). 25 cents. 

Hydraulics of Bridge Waterways (1960). 40 cents. 

Increasing the Traffic-Carrying Capability of Urban Arterial 

Streets: The Wisconsin Avenue Study (1962). 40 cents. 

Appendix, 70 cents. 

Landslide Investigations (1961). 30 cents. 

Manual for Highway Severance Damage Studies (1961). $1.00. 

Manual on Uniform Traffic Control Devices for Streets and High- 

ways (1961). $2.00. 

Parking Guide for Cities (1956). Out of print. 

Peak Rates of Runoff From Small Watersheds (1961). 30 cents. 

Road-User and Property Taxes on Selected Motor Vehicles, 1960. 

30 cents. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photogram- 

metric Methods for Highways, 1958: a reference guide outline. 

75 cents. 

Standard Specifications for Construction of Roads and Bridges 

on Federal Highway Projects, FP-61 (1961). $2.25. 

Standard Plans for Highway Bridges (1962): 

Vol. I—Conerete Superstructures. $1.00. 
Vol. If—Structural Steel Superstructures. $1.00. 

Vol. I1I—Timber Bridges. $1.00. 

Vol. [V—Typical Continuous Bridges. $1.00. 

The Identification of Rock Types (revised edition, 1960). 20 

cents. 

The Role of Aerial Surveys in Highway Engineering (1960). 40 

cents. 

Transition Curves for Highways (1940). $1.75. 
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